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ALTERED POLYPEPTTDES WITH INCREASED HALF-LIFE 
Backgnnmd of the Inventicm 

Field of the Invention 

This mvention relates to polypqitides that are mutated to contain a salvage receptor binding epitope. 
More particularly, diis invention relates to polypeptides that are cleared through the icidney having an epitope 
from the Fc region of an IgG molecule, resulting in longer circulatory half-life. 
Description of Related Literature 

Itwaspn^XKsedin 1964 that a q)ecific receptor exists in Tq>id equilibrium with die intravascular s|^ 
that protects IgG molecoies from degradation. BrambeU ei al., HaSOSi* 2S2: 1352-I3SS (1964). See also 
Brambell, The Lancet 1087-1093 (1965). The iddney has been shown to be the majcn- site of catabolism of 
immmioglobulin fragments, accordiiig for approximately 90% of teir endogenic Wochner era/., 

J. Exp. Med.. i2fi: 207 (1 967). Ihe existence of a receptor imfdies that the Ig molecule has specific sequences, 
or conformational determinants, that must bind to such a receptor. Since the Fc region of IgG produced by 
proteolysis has the same in vivo half-life as the intact IgG molecule and Fab fragments are rapidly degraded 
(Spiegelberg and Wiegle, J. Exp Med.. 121: 323-33S [1965]; Waldmann and Ghetie. "Catabolism of 
hnmunoglobulins," Progress in I mmunol.. 1: 1 187-1 191 [Academic Press, New York: 1971]; Spiegelberg, in 
Advances in Inwnunologv. VoL 19, F. J. Dbcon and H.G. Kinkel, eds. {Academic Press, NY: 1974], pp. 259-294; 
and reviewed by Zuckier er a/., Semin. Nucl. Med.. 12: 166-186 (1989)), it was believed diat the relevant 
sequences of mouse IgG2b were in the CH2 or CH3 domain and that deletion of one or tiie other domain would 
give rise to rapid degradation. In fact, the CH2 domain fragment of human IgG produced by trypsin digestion 
of the Fc fragment persisted in the circulation of rabbits for as long as the Fc fragment or IgG molecule; in 
contrast, die CH3 domain (pFc*) fragment of human IgG also produced by trypsin digestion of the Fc fragment 
was rapidly eliminated, indicating that the catabolic site of IgG is located in the CH2 domain. Ellcrson er a/., 
J. Immunol.- H^: 5 10 (1976); Yasmeen er a/., J. Immunol- U^: S18 (1976). Odter studies have shown tfiat 
sequences in the CH3 dcHnain are important in determining the different intravascular half-lives of lgG2bT and 
IgG2^ amibodies in the mouse. Pollock ei fl/.. Eur. J. Immunol.. 2&: 2021-2027 (1990). 

The catabolic rates of IgG variants that do not bind the high-affinity Fc receptor FcRi or Clq are 
indistinguishable from die rate of clearance of the parent wild-type antibody, indicating that the catabolic site 
is distinct from the sites invohred in FcRI or Clq binding. Wawrzynczak et al^ Molec. Immunol. . 22: 221 
(1992). Also, removal of carbohydrate residues from the IgG molecule or Fc fragment has either a mmor role 
in or no effect on the ih vivo half^ife, and the extent of thb effect depends m the isotype of the IgG molecule. 
Nose and Wigzell, Proc. Natl. Acad. Sci. USA. 2fl: 6632 (1983); Tao and Morrison, J. lmmunol..143 : 2595 
(1989); Wawrzynczak et oL, Mol. Immunol.. 22: 213 (1992). 

Staphyiococcal protein A*IgG complexes were found to clear more rapidly from the serum than 
uncomplexed IgG molecules. DimaeraA,£uLiJmmUQQLil: 605 (1983). To determine if residues near the 
Fc-SpA interftce are involved in IgG clearance, Kim et oLy Eur. J. Immunol, 21: 542-548 (1 994) performed site- 
directed mutagenesis to change amino acid residues of a recombinam Fc-hinge fragment derived from die murine 
immunoglobulin G I m lecule and deteimine the effects of these mutaticms on the pharmac kinetics of the Fc- 
hinge fragment The authors showed that the she of the IgGl m lecule that controls the catabolic rate (die 
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**catabolic she") is located at the CH2-Oi3 domain interfiKe and overlaps with the Staphylococcal protein A 
bindingsite. Seealso WO 93/22332 published November 11, 1993. The concentration catabotism phenomenon 
is also studied in ZiiGkiererdl,£^QS£L 22: 794-799 (1994). IgG catabolismb also discussed by Masson^L 
AtttgimmmiftY, 683-689 (1993). 
5 WO 94/04689 discloses a protein with a cytotoxic domain, a ligand-binding domain and a peptide 

linidng these two domains comprisix^ an IgG constant region domain having the property of increasing the half- 
life of the protein in mammalian serum. 

A stereo drawing of a human Fc fragment and its complex with fragment B of Protein A from 
Su^hylccoccus {mreus is provided by Deisenhofer, Biochemistry. 2fl: 2364 (1981). 
10 It has been shown diat clearance is greatly reduced when the effective molecular size exceeds 70 kOa. 

the glomerular filtrition cutoff size. Knauf a oL. ''Relationship of Effective Molecular Size to Systemic 
Clearance in Rats of Recombinant lnterleukin-2 Chemically Modified with Water-soluble Polymers." L 
fiifi£hfinL»2fi2: 15064-15070(1988). 

Smnmarv of the Invention 

15 Accordingly, in one embodiment ttte invention |HOvides a polypeptide variant of a polypeptide of 

interest which polypeptide of interest is cleared from the kidney and does not contain a Fc region of an IgG, 
which variant comprises a salvage receptor binding epitope of an Fc region of an IgG. and which variant has a 
longer in vivo half-life than the polypeptide of interest 

In anotho* aspect, the inventicm provides nucleic acid encoding the polypeptide variant, a replicable 

20 vector comprising the nucleic acid, a host cell comprising the nucleic acid, and a method for producing a 
polypeptide variam comprising culniring die host cells in cuteure medmm and recovering the polypeptide variant 
from the host cell culture. The nucleic acid molecule may be labeled or unlabeled with a detectable moiety. 

In a further a^iect, the inventicm siq^lies a polypeptide that is not an Fc, which polypeptide comprises 
one or more of die sequences (5' to 30: HQNLSDGK (SEQ ID NO: 1), HQNISDGK (SEQ ID NO: 2), or 

25 VISSHLGQ (SEQ ID NO: 3 1 ), and ^ich polypeptide also comprises the sequence: PKNSSMISNTP (SEQ ID 
NO: 3). 

In a still further aspect, the invention provides a method for preparing a polypeptide variant comprising 
akering a polypeptide of interest that is cleared from the kidney and does not contain an Fc region of an I gG so 
that it comprises a saWage receptor binding epitope of an Fc region of an IgG and has an increased in vivo half- 
30 life. 

In a still additional embodiment, the invention supplies a method for preparing a polypeptide variant 
having an increased in vivo half-life comprising: 

(1) identifying the sequence and conformation of a salvage receptor binding epitope on an Fc region 
of an IgG molecule; 

3 5 (2) ahering the sequence of a polypeptide of interest that is cleared from the kidney and do^ not contain 

an Fc region to include the sequence and conformation of the identified bmding epitope; 

(3) testing the altered polypeptkle of stq> (2) for longer in vivo half-life than that of the polypeptide of 
interest; and 
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(4) if die potypeptide does not have a Imger in vivo half-life, further ahering the sequence of the 
polypeptide of interest to inchide ttie sequence and confoimaticHi f the identified binding epitope and testing 
for longer in vh« half-hfe until kmgtr in vAv half-life u 

in a still further aspect, the mveotion provides a mediod for treating an LFA-l*mediated disorder 
5 comprising administering to a fnnmiiMti preferably a patient^ in need of such treatment an effective amount of 
the variant set fMi above wherein to polypeptide is a Fab, a (Fab% a diabody , a F v fragment, a sing le-chain 
Fv fiagment, or a receptor and acts as an LFA-1 antagonist More preftiably, this variant is a Fab or (Fab*)} of 
ami*LPA-t [such as an anti-CD18 Fab or (Fkb*),], with increased serum half-life as set forth herein. 

In another embodiment, the inveotion provides a method for detecting CDl la or CD18 in vitro or in 
10 vivo comprismg contacting the anti-CDI la or CD18 antibody fiagment variant herein widi a sample, especially 
a serum sample, suspected of containmg the CDl la or CD! 8 and detecting if binding has occurred. 

The Fc regtcm is to be located (tian^lamed) to a region of ihe polypeptide of interest that will not alter 
its conformation so that it loses biologcial activity and is to be located so tiiat it will not interfere with the 
polypeptide's ability to bind with a ligand or antigen to maintain biological activity. 
15 Brief Descriptinn nf the Drawings 

Figures 1 A and IB depict the serum pharmaoc^etics of five Fab or (Fab% constructs in mice after 
single mtravenous doses of 2 mg/kg. In Fiigure 1 A, the Fab vlB variant is designated by solid squares, the Fab 
control is mdicated by solid diamonds, the Fab v2 variant is indicated by solid triangles, the Fab v 1 variant is 
indicated by solid circles, and the double-disulfide F(ab*)2 is indicated by open circles. In Figure 1 B, the Fab 
20 control is designated as solid triangles, the variant Fab v2 is designated by open cncles; the variant Fab vl is 
designated by open squares; tfie variam Fab vlB is designated by solid circles; and the double-disulfide F(ab'>2 
is designated by solid squares. The molecules are more fully described in the tables herein. 

Figure 2 depicts an alignment of the relevant portions of die consensus amino acid sequotces of the 
human IgGl CHI domain (SEQ ID NO: 4X die human IgG2 CHI domain (SEQ ID NO: 5), the human lgG3 
25 CHI domara (SEQ ID NO: 6). die human IgG4 CHI domain (SEQ ID Na 7X Ac human kappa CL domain 
(SEQ ID NO: 8), and the human lambda CL domain (SEQ ID NO: 9). m aUgnment with the Fab vlb variant 
derived from anti-CD18 antibody (SEQ ID NO: lOX wfaidi is described m Example I. In diis figure, amino acid 
residues and/or positions of interest and of most impoitance to the invention widiin die sequence of Fab v I b (/.e, 
SEQ ID NOS: 3 and 1) are designated by tmderiinmg and asterisics, respectively. 
30 Detailed Descrrprion of the Preferred Embodiments 

Definitions 

As used herein, >>lypeptide of interest" refers to a polypeptide tiiat has a biological activity, is cleared 
from die kidney, and does not contain a Fc region of an IgG. An Tc region of an IgG** refers to the Fc portion 
of an immunoglobulin of die isotype IgG, as is well known to those skilled in the art of antibody technology. 
3 5 Examples of such polypeptides are peptides and proteins, whether from eukaryotic sources such as, eg. , yeast, 
avians, plants, insects, <»: mammals, or from bacterial sources such as, eg., £. coli. The polypeptide of interest 
may be isolated from natural sources ormadesyndketically or recombinantly. hi a |»eferred embodiment, die 
polypeptide of interest contains an Ig domain or Ig-like domain, e.g„ an antigen*binding domain. 
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Cleannceofpolypq)Cidcs f iziterestfinomtekkiDeydqwndsatleastinparton ifaem lecular weight 
oftbepolypqnide. PolypqstidesofioolaigeamokcubrweiglnwiUnm^^ famammal. One 

exampte of a test to dcteimiDe whether the pol^^ 

wherein the polypeptide of interest or voriaiu is labded with a same 
5 type of mammal that will be treated, using a treatment n^imcn the same as would be used in the actual treatment 
Thereafter, a clinical sample of the urine of the mammal is taken and analyzed to detennine if the label is 
detected therein. If the label is detected* the polypqitide of interest or variant has cleared the kidneys. 

As a general nile; polypeptides dearing the kidney have a inolecularwdght in of about 5,000- 

10,000 dahons, afafaou^ molecules with somewhat higher or kiwer molecular weights may also meet the criteria 
10 of this invention if they can pass the renal clearance test noted above. 

The polypeptide of interest is biologically active if it has an di vivo effector or antigenic function or 
activity that is directly or indirectly caused or perfonned by the polypeptide (whether in its native or denatured 
conformation) or a fiagment thereof. Effector functions inchide receptor binding and any carrier binding activity, 
agoaism or antagonism of the polypeptide of interest, especially transductkMi of a proliferative signal including 
1 5 replication. DNA regulatory function* modulation of the biological activity of various growth factors, receptor 
activation, deactivatksn, up- or down-regulation, cell growth or diffaentiation, and the like. Biological activity 
includes possessim of an e|ntope or antigenic site that is capable of cross-reacting with antibodies raised against 
the polypeptide of interest or mammalian equivalents thereof. 

Examples of manunalian polypeptides of interest include molecules such as, e^., renin, a growth 
20 hormone, including human growth hormone; bovine growth hormone; growth hormone releasing factor; 
parathyroid homume; thyroid stimulating hormone; lipoproteins; a 1 -antitrypsin; insulin A<hain; insulin B-cham: 
proinsulin: thrombopotetin; follicle stimulating hormone; calcitonin; luteinizing hormone; glucagon; clotting 
factcvs such as foctor VIIIC, factor DC, tissue factor, and von Willebrands facton anti-clotting factors such as 
ftotein C; atrial naturietic &ctor; lung surfactant; a plasminogen activator, such as urokinase or human urine or 

2 5 tissue-type plasminogen activator (t-PA); bombesin; thrombin; hemopoietic growth factor, tumor necrosis foctor- 

ali^and -beta: enkephalinase; a serum albumin such as human serum albumin; mullerian-inhibiting substance: 
relaxin A-chain: retexin B^chain; proreiaxin; mouse gonadotropin-assodated peptide; a microbial protein, such 
as beta-lactamase; D?4ase; inhibin; activin; vascular endothelial growth factor (VEGF); receptors for hormones 
or growth factors: integrin; protein A or D: rheumatoid factors; a neurotrophic fector such as brain-derived 

3 0 neurotrophic fector (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth feaor 

such as NGF-P: cardiotroj^ins (cardiac hypertrophy Actor) such as cardiotrophin- 1 (CT-I); platelet-derived 
growth factor (PDGF); fibroblast growth factor such as aFGF and bFGF; epidermal growth factor (EGF): 
transforming growth fiactor (TGF) such as TGF-alpha and TGF-beta, including TGF-P 1 , TGF-p2, TGF-PS, 
TGF-P4, or TGF-p5; insulin-like growth factm-l and -11 (IGF-I and IGF-II); des(l-3>-IGF.l (brain IGF-1). 
3 5 insulin-like grouih fiactor binding pratems; CD proteins such as CD-3, CD-4, CD-8, and CD-19; erythropoietin: 
osteoinductive factors; immunotoxins; a bone morphogenetic protein (BMP); an interferon such as interferon* 
alpha, -beta, and -gamma; colony stimulating foctors (CSFs), e.g., M-CSF, GM-CSF, and G-CSF; mterieukins 
(JL&X cg.. IL-1 to IL-10; an anti-HER-2 antibody without a native Fc region f an IgG; superoxide dismutase; 
T-cell receptors: surface membrane proteins; decay accelerating fact r; viral antigen such as, for example, a 
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poctioD f the AIDS envelope; t ranq wt p i oteins; homing r ecq) toi s; addressms; regulatory proteias; antibodies 
without a native Fc region ofanIgG; and fragments f any of the above-listed polypqrtides. 

The pref ene d polypeptides of interest are mammalian polypeptides. Examples f such mammalian 
polypqicides inchtde antibody fiagmeots sicfa as Fv» Fab. (Fab^ aad an anti-HQ(-2 fragmem widiout the IgGFc 
5 domain, t-PA, gpl20, DNase* IGF-L IGF-II, brain IGF-L growth hormcme, relaxin chains, growth honnone 
releasing fiictor, msultn chains or pro-insulin, uftricinase. More 
preferably, die polypqytide is a Fab, a (FBb% a diabody, a Fv fragment, a single-chain Fv fragment, or a 
receptor. Even more preferably, the polypeptide is an anti-lgE, anti-IiER2, or anti-CDl 8 Fab or (Fab')}, and 
most prefcnbiy is human or humanized. 

10 As used herein, '^lypeptide variant" refers to an amino acid sequence variant of the polypeptide of 

immst,induding variants with one or move amino acid substitttdcHis,inseitio^ Sudi variants 

are biologically active as defined above and necessarily have less than 100% sequence identity with the 
polypepideofimeresL In a prefe ned embodiment, the biologically active polypeptide variam has an amino acid 
sequence sharing at least about 70% amino acid sequence identity with the polypeptide of interest, preferably 

15 at least about 75%. more prefaably at least about 80%. still more preferably at least about 85%, even more 
preferably at least about 90%, and most preferably at least about 95%. 

7nvm> half life" means the half-life of the polypeptide of interest or polypeptide variant circulating 
in die blood of a given mammal. 

As used herein, the tenn "salv^ receptor bmding epitope** refers to an epitope of the Fc region of an 

20 IgG molecule (cg^ IgGl, IgG2, IgG3, and IgG4) that is re^xmsible for increasmg die m vivo serum half-life of 
the IgG molecule. As an example. Figure 2 shows representative epitopes in underlining and the important 
residues in asterisks. The IgGl, IgG2, and IgG4 isotypes are preferred for determining the salvage receptor 
binding epitope. 

Tolymerase chain reaction** or ''PGR'* refers to a procedure or tedmique in which minute amounts of 
25 a specific piece of nucleic acid, RNA and/or DNA, are amplified as described in U.S. Patent No. 4,683,195 
issued 28 July ] 987. Generally, sequence mfonmation from die ends of the region of mterest or beyond needs 
to be available, such that oligonucleotide primers can be designed; these primers will be identical or similar in 
sequence to opposite sounds ofthe template to be amplified. The 5* temiinal nucleotides ofthe two primers may 
coincide widi the ends ofdie amplified material. PGR can be used to amplify specific RNA sequences, specific 
3 0 DNA sequences from total genomic DNA, and cDNA transmbed from total ceUular RNA. bacteriophage or 
plasmid sequences, ere. See generally Mullb & al^ Cold Spring Harbor Svmp Quant. Biol.. ^: 263 ( 1 987); 
EriidL ed, PCR Technolog y, f^oclgton Prm NY l9gQV As used herein PGR is considered to be one. but not 
the only, example of a nucleic acid polymerase reaction method for amplifying a nucleic acid test sample 
comprising the ikc of a known nucleic add as a primer and a nucleic acid polymerase to amplify or generate a 
35 specific piece of nucleic add. 

''Antibodies*' (Abs) and "immunoglobulins** Ggs) are glycoproteins having the same structural 
c h aracteristics. While antibodies exhil>it binding specificiiy to a qiecific antigen, hnmimogl^ 
an t ibod ie s and other ant&ody-like molecules which lack antigen specificity. Polypeptides ofthe latter kind are, 
for example, produced at low levels by th lymph system and at increased levels by myelomas. 
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'7<adve a ntib od ies '' and "mtivc nmnunogiobulips" ire usually heterotetramcric glycoproceins of about 
150,000 daltons* composed oftwo identical light (L) chains azid two identical heavy (^^ Each light 

diain is linked to a heavy chain by one CO valeotdisolfidebon^ f disulfide linkages varies 

anumg the heavy chains of different imnninoglobulin isotypes. Each heavy and light chain also has regularly 
5 spaced intrachain disulfide bridges. Each heavy chain has at one end a variable domain (V||) followed by a 
number of consont dnmaim Each light chain has a variable domain at one end (V|} and a constant domain ax 
its other end; the coostamdoinainoftheUgJit chain is aligned widi the fimconstamdon^ heavy chain, 
and the light- diain variable domain is ahgned with the variabte domain of the heavy chai^ Particular amino 
acid residues are believed to fonn an inter&ce between the light- and heavy<faai^ domains (Clotfataer 

10 oiLJ.Mgl.BioL 126: 651^3 f 19851: Novotnv and Haherl Proc. Natl. Acad Sci USA 4^03-4^g<S [1985]). 

The tenn "variabte" refcn to the &a that certain portions of the variable domains differ extensively in 
sequence among antibodies and are used in the binding and specificity of each particular antibody for its 
particular antigen. Howev^, the variabOity is not evenly distributed throughout the variable domains of 
antibodies. It is concentrated in three segments called omiplementarity-determining regions (CDRs) or 
15 hypervariable regions both in die li^^haxn and die heavy-chain variaMe domains. The more highly conserved 
pontons of variable domains are called die framework (FR). The variable domains of native heavy and light 
chains each ccHnprise four FR regions, largely adopdng a ^sheet configunition. connected by three CDRs, which 
fonnkxyps connecting, and in some cases forming part of; the p-sheet strucnire. The CDRs in each chain arc 
hekl together in close proximity by die FR regions and, widi die CDRs from the other chain, contribute to the 
20 formation of the antigen-bmding site of antibodies (see Kabat el oiL, jt^pra). The constant domains are not 
involved directly in binding an antibody to an antigen, but exhibit various effector functions, such as participation 
of the antibody in antibody-dependem cellular toxicity. 

Papain digestion of antibodies produces two identical antigen- iHnding fragments, called **Fab** 
fragments, each widi a single antigen-binding site, and a residual Tc** fragment, whose name reflects its ability 
25 to crystallize readily. Pq»in treatment yiekls an FCab*)} fragment that has two antigen-combining sites and is 
still amiable of cross-linking antigen. 

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding 
site. This region consists of a dimer of one heavy- and one light-diain variable domain m tight, nm-covalent 
association. It b in diis configuration diat the dirce CDRs ofeacfa variable domain interaa to defi^ 
3 0 bindiiig site on die sur&ce of the Vh-Vj^ dimer. Collectively, the six CDRs confier antigen-binding specificity to 
die antibody. However, even a single variable domain (or half of an Fv comi^ising only three CDRs specific 
for an antigen) has the ability to recognize and bind antigen, ahfaough at a kywer affmity dian die entire binding 
site. 

Tbe Fab fragment also contains die constant domain of die light chain and die first constant domain 
35 (CHI) of the heavy chaiiL Fab fragments differ from Fab fragments by the addition of a few reskiues at die 
caiboxy terminus of the heavy chain CHI domain including one or more cysteines from the antibody hinge 
region. Fab'-SH is die designation herein for Fab' in which the cysteine residue(s) of the constant domains bear 
afree thi Igroiq?. F(ab')2antibody fragments origirially were produced as pairs of Fab* fragments which have 
hinge C3rsteines between them. Odier chemical couplings of antibody fragments are also known. 
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"SiQgle<faamFv" or *'sFv" antibody fivgmen^ f antibody, wheretn 

these domains are present in a single polypeptide chain. Genendly, the Fv polypeptide further comprises a 
polypeptide Imker between the and domains wfaidi enables the sFv to fonn the desired structure for 
antigen bindii^ For a review of sFv aee Phickrinm. A. in The Pharmacology o f Monoclonal Antibodies, vol. 
5 113, Rosenbwg and Moore eds^ Springer-Verlag, New York, pp. 269-3 15 (1994). 
The *1ig|n chains" of antibodies (immimoglobQlins) fiom an^ 
of two clearly distina types, called kappa (k) and lambda (X), based on the amino acid sequences of their 
constant domains. 

Depending on the amino add sequence of die constam domain of their heavy drains, immunoglobulins 
10 can be assigned to different classes, lliere are five migor classes of immunoglobulins: lgA,!gD,lg£,]gG. and 
IgM, and several of these may be further divided into subclasses (isotypes), eg., IgG 1, lgG2, IgG3, IgG4, IgA, 
and lgA2. The heavy-chain constam domains that correspond to the dififmnt classes of immunoglobulins are 
called a. 6, €, and |i, resp ec tively. Hie subunit structures and threcKiimensional configurations df different 
classes of immunoglobulins are well known. 
15 The torn "antibody" is used in the broadest sense and specifically covers single monockntil antibodies 

(inchiding agonist and antagonist antibodies), antibody compositions with polyepitopic specificity, bispccific 
antibodies, diabodies, and single-chain molecules, as well as antibody fragments (e-g^ Fab, F{dto% and Fv), so 
kmg as they exhibit the desired biological activtty. 

The tenn "monoclonal antibody" as used herein refers to an antibody obtained from a population of 

2 0 substantially homogeneous antibodies, Le^ the individual antibodies comprising the population are identical 

except for possil>lenanirally occurring mutations that may be presem in minor amountt^ Monoctonal antibodies 
are highly specific, being directed against a single antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include different antibodies directed against different 
determinants (epiiopesX each monockmal antibody is directed against a single determinant on the antigen. In 
25 addition to their spedfidty. the monoclonal antibodies are advantageous in that they are synthesized by the 
hybridoma culture, uncontamiruted by odier nnmunoglobulins. The modifier "monoclonal** indicates the 
character of the antibody as beiiig obtained from a substantially homogeneous population of antibodies, and is 
not to be construed as requiring production of the antibody by any particular method. For example, the 
monoclonal antibodies to be used in accordance widi the present invention may be made by the hybridoma 

3 0 method first described by Kohler and Milstein, Nature. 256 : 495 (1975), or may be made by reccmibinant DN A 

methods (see, e.g., U.S. Patent No. 4,816,567 [CabiUy er oLJ), The "monoclonal antibodies" may also be 
isolated from phage anolxxly blxaries using the techniques described in Clackson et al , £latUI& 222' 624-628 
(1991) and Marks e/ a/.. J. Mol. Biol,. 222: 581-597 (1991), for example. 

The moix>clonal antibodies herein spedfically include "chimeric" antibodies (immunoglobulins) in 
3 5 which a poition of the heavy and/or light chain is identical with or homologous to corresponding sequences in 
antibodies derived from a particular spedes or belonging to a particular antibody class or subclass, while the 
remainder of die chain(s) is identical widi or homologous to corresponding sequences in antibodies derived from 
another spedes or bekniging to another antibody class or subclass, as well as fragments of such antibodies, so 
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long as tfacy cxfaflrit Ifae desited biological activity (Cabilly et at, st^a; Mairiscm et oL, EiggJiaU. Awd. Sci. 
UgA, 21: 6851-6855 [19840. 

"Humanized* fonns f ncm-human {e,g^ murine) antibodies are chimeric immunog! bulins, 
immunoglobulin chains or fiagmests thereof (such as Fv, Fab, Fab*, F(ab*)2 or other antigen-binding 
5 subsequences of antibodies) which crattain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies are human immunoglobulins (recipient antibody) in which residues from 
a complementary-determining region (CDR) of the recipient are replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse; rat or rabbit having the desired spedllcily, affinity, and capacity. 
In s(»ne instances, Fv framework residues of the human immunoglobulin are replaced by conesponding non- 
10 human residues. F urth erm ore, humanized antibodies may comprise residues which are found neither in the 
recipient antibody nor in the onported CDR or framework sequences. These modifications are made to further 
refine and optimize antibody perfbmunce. In general the humanized antibody will comprise substantially all 
of at least one. and typically two, variable domains, in which all or substantially all of the CDR regions 
com^pond to those of a non-fanman immunoglobulin and all or substantially all of the FR regions are those of 
15 a human immunoglobulin sequence. The humanized antibody optimally also will comprise at least a portion of 
an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further details see: 
Jones et al,, Nanire. 32^ : 522-525 (1986); Reichmann et al„ }issm» 322^ 323-329 ( 1988); and Presta, gyrr. Qp, 
Struct Biol.. 2: S93-596fl9921 Thehumanizedantibody inchidcs a Primatizcd™antftK)dy wherein the a^ 
binding region of die ann'body is derived from an antibody produced by immunizing macaque monkeys with the 
20 antigen of interest 

*Xon-immunogenic in a human** means diat upon contacting the polypeptide of interest or polypeptide 
variant m a phamiaceutically acceptable carrier and in a therapeutically effective amount with the appropriate 
tissue of a human, no state of sensitivity or resistance to the polypeptkle of interest or variant is demonstrable 
upon the second admini^ratim of the polypeptide of interest or variant after an appropriate latent period (e.g, , 
25 8 to 14 days). 

The term *'diabodies'' refers to small antibody fragments with two antigen-bmding sites, which 
fragments comprise a heavy-chain variable donuun (Vh) connected to a light-chain variable domain ( V,^) on the 
same polypeptide chain (V^ - V J. By using a linker diat is too short to allow pairing between the two domains 
on die same chain, the domains are forced to pair widi die complementary domains of another chain and create 

30 two antigen-binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 93/1 1 161: and 
Holliger et aL, Prnc Nat] Acad Sci, USA. 2fl: 6444-6448 (1993). 

The terai *XFA-l-mediated disorders** refers to pathological states caused by cell adherence interactions 
involving the LFA-1 receptor on lymphocytes. Examples of sudi disorders include T cell inflammatory 
reqxmses such as inflanunatoiysidn diseases inchiding psoriasis; responses associated widi inflammatory bowel 

35 disease (such as Crohn*s disease and ulcerative colitis): aduh respiratory distress syndrome; dermatitis; 
menmghis; encephalitis; uveitic; allergic conditions such as eczema and asduna and other condhions involving 
infiltration of T cells and chronic inflammatory responses; sidn hypersensitivity reactions (inchidmg poison ivy 
and poison oak); adierosclerosis; leukocyte adhesion deficiency: autoinunune diseases such as rheumatoid 
arthritis, systemic lupus erythematosus (SLE). diabetes mellitus, multiple sclerosis. ReytKaud*s syndrome. 
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autoimmune thyroiditis, experimental autoimmune encephalomyelitis, Sjmgen's syndrome, juvenile onset 
diabetes, and immune re spo nses associated with delayed hypersensitiviiy mediated by cytokines and T- 
lym|diocytes typically found in tuberculosis, sarcoidosis, polym y osit is , gianulomatDsb and vasculitis; pernicious 
anemia; diseases involving leuko^te diapnrlrOT; CNS inflammatory disorder, muh^le organ injury syndrome 
5 secondary to septicaemia or trauma; autoinunune haemolytic anemia; myediemia gravis; antigen-antibody 
complex mediated diseases; all types of tran^lantations, including graft vs. host or host vs. graft disease; 
hemorrhagic shock; puhnonary oxygen toodcity; pulmonary fibrosis; wound repair; B-cell lymphcmias; etc. 

In particular, the prefer red indicatkms for antibodies to CDl la or GDI lb are psoriasis, transplant 
rejection, asthma, wound repair, and puhnonary fibrosis; die preferred indications for antibodies to CD 18 are 
1 0 hcmoiThagic shock, meningitis; encephalitB; muhiple sclerosis; asdmia; and puhnonary oxygen toxicity; and the 
preferred indication for antibodies to CD20 is B-cell lymphoma. 

TreatmenT refers to both therapeutic treatment and trofrtiylactic or pr eve nia tive measures. Those in 
need of treaonent inchide du)se aheady with the disorder as wdi as those prone to have the disorder or those in 
which dte disorder is to be prevented. 
1 5 "Manunal" for purposes of treatment refers to any animal classified as a mammal, including hunums, 

domestic and form animals, and zoo, ^xirts, or pet animals, such as dogs, horses, cats, sheep, pigs« cows, etc. 
Preferably, die mammal herein is human. 

The term "LFA-1 antagonist** generally refers to an antOxxiy directed against either CDI la or CD18 
or both, but also includes soluble forms of ICAM-1 (e.^., the ICAM-1 extracdiular domain), antibodies to 
20 lCAM-1. and fragments thereof, or odier molecules capable of inhiliitiiig the inters^ andICAM-1. 

The term ''anti-LFA-l antibody** or *'anti-LFA-l MAb" refers to an antibody directed against either 
CDl la or CD18 or bodL The anti-CDl la antibodies include, eg:, MHM24 (Hildredi et oL, Eur. J. Imintinol,. 
11: 202-208 [1983]X R3.1 GgGl; Rodilein, Boehrmger bigelheim Pharmaceuticals, Inc., Ridgefield, CT), 25-3 
(ot 253; an IgG 1 available from Immunotedi, France see Olive etaL. 'm Feldmann, ed.. Human T cell Clones. 
25 A new Approach to Immune Regulation, aifton. NJ. Humana, [1986] p. 173),KBA(IgG2a;Nishimurae/a/., 
Cell. Immunol.. ifQ: 32 [1987]; Nishimura et aL, Cell. Immunol.. 21: 122 [1985]), M7/1 5 (lgG2b: Springer et 
a/.,JnilZUmQLBfiXa^: 171 fl982]Y. lCyri6fVennotDesroches^iiiL- Scand. J. Immunol.. 33: 277-286 f 199in. 
SPVL7 (Vermot Desroches et aL^ supra)^ and MI7 (IgG2a; available from ATCC, which arc rat anti*murine 
CDl la antibodies). 

30 Examples ofanti-CD18antilx)dies include N01M23 (Hildredi e/d:,n^ M18/2 (IgG2a; Sanches- 

Madrid erdl, J.Exp.Mcd,. JiS: 586 [1983]), H52 (Fekete et al,, J Clin Lab Immunol.. 21: 145-149 [1990]), 
Masl9lc (Vermoc Desrodieser a/., jvpra% I0T18 (Vermot Desroches et al.^ stqira\ 603 (Taylor et aL^ Qjsu 
Exp. Immunol.. 21: 324-328 [1988]X and 60.1 (Campana et a!., F.»r J Immunol.. Ifi: 537-542 [1986]). 

Other examples of suitable LFA-l antagonists, including antibodies, are described in Hurdlings et aL, 

35 IjfiUEcliS: 639 (1990), WO 91/1801 1 published 1 1/28/91, WO 91/16928 published 1 1/14/91, WO 91/16927 
published 1 1/14/91, Can. Pat Apphi. 2,008,368 published 6/13/91, WO 90/15076 published 12/13/90. WO 
90/10652 published 9/20/90, HP 387,668 published 9/19/90, EP 379,904 published 8/1/90, EP 346,078 
published 12/13/89, U.S. Pat N . 5,071,964, U.S. Pat No. 5,002,869, Australian Pat Apphi. 8815518 published 
1 1/10/88, EP 289,949 published 1 1/9/88, and EP 303.692 published 2/22/89. 
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Mod« forCanving Ont Ac ffivaitton 

1. General Deddi'i^lion of die inventimi 

The ciiireot inveadon ts ooQcemed with inco i po iaiin g a salvage receptor binding epitope of the Fc 
region of an IgG into a polypqitide of interest so as to increase its circulatory half-life, but so as not to lose its 
5 biological activity. This can take place by any means, such as by mutaticm of the appr o pi iate region in the 
polypqidde ofimerest to mimic the Fc region or fay in oxp o ialiii g fee qnto^ fused 
to the polypeptide of interest at either end or in the middle or by DNA or peptide synthesis. 

A systematic method for preparing sudi a polypqitide variant having an increased in vivo half-life 
comprises several steps. The first mvolves identifying the sequence and confmnation of a salvage receptor 
10 binding epitope on an Fc region of an IgG molecule. Once this epitope is identified, die sequence of the 
polypeptide of interest is modified to inchide the sequence and confotmation of the identified binding epitope. 
After the sequence is mutated, the polypeptide variamb tested to see ifit has a longer mviw half-life than that 
of the original polypeptide, ^e., the polypeptide of interest If the polypeptide variant does not have a longer in 
vivo half-life upon testing, hs sequence is further altered to include die sequence and conformation of the 
IS identified binding epitope. The ahered polypeptide is tested for longer in vivo half-life, and this process is 
continued until a molecule is obtained that exhibits a longer m vivo half-life. 

The salvage receptor binding epitope bemg ttm incorporated into the polypeptide of interest is any 
suitable such epitope as defined above, and its nature will depend, eg., on the type of polypeptide being 
modified. The transfer is made such diat die biological activity of the polypqstide of interest is maintained, i.e., 
20 the transferred portion does not adversely affect the confonnatim of the polypeptide of interest or affect its 
binding to ligands that confers its biological activity. For example, if die polypeptide of interest is an antibody, 
the salvage receptor binding epitope is not placed so as to mt e r f oe with an antigen-binding site of the antibody. 

Preferably, the polypeptide of interest contains an Ig domain or Ig-like domain and the salvage receptor 
binding epitope is placed so that it is located widiin diis Ig domain or Ig-like d(Hiiain. More preferably, die 
25 epitope constitutes a region wherein any one <»- more amino acid residues from one or two loops of the Fc 
draiain are transfoied to an anatogous position of die Ig domain or Ig-like domain of the polypeptide of interest 
Evai m<ve preferably, three or more residues from one or two loops of die Fc domain are transferred. Still more 
preferred, die epitope is taken from die CH2 domain of die Fc region (e.g., of an IgG) and tr^^ 
CH3, or y^ region, or more than one such region, of an Ig or to a Ig-like domain. Ahematively, the epitope is 
30 taken from the CH2 dmnain of the Fc region and transferred to the CL region or Vl region, or both, of an Ig or 
to an Ig-like domain of the polypeptide of interest 

For example, for purposes of discussing variants wherein the polypeptide of interest is anti-CD 1 8, 
reference is made to Figure 2, which illustrates the relevant consensus primary structures of various tgs, Le„ 
human IgGI CHI domain, human igG2 CHI domain, human IgG3 CHI domain, human lgG4 CHI domain. 
35 human kappa CL domain, and human lambda CL domain, as well as die specific sequence for Fab vib, a 
preferred anti-CD 1 8 Fab variam herein. Furtiier, Fig. 2 indicates die residues of Fab v I b diat are of interest and 
of most importance. In a prefared embodiment, the residues of importance are those with an asterisk in Figure 
2, Le., in one loop of Fab vl b, NfIS widi a T residue one amino acid C-terminal to MIS. and in anodier loop of 
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Fab vlbv HQN wift a D residue two amiM acids C^enmnM 
to the D residue. 

In OQeiiK}stpicfiOT«dcmbodiittem,Ae salvage reoept^ sequence (5' to 

5 PKNSSMISN17 (SEQ ID NO: 3), 

and qjtioQaliy further comprises a sequence selected firo IIX 
HQNLSDGK (SEQ ID NO: 1), HQNISDGK (SEQ ID NO: 2X or VISSHLGQ (SEQ ID NO: 31). particularly 
where the polypeptide of interest is a Fab or (Fab*)}. 

In anodier most preferred cmbodimem, die salvage receptor binding q)itopeb 

10 an Fc containing the sequence(sX5* to 3*): HQNLSDGK (SEQ ID NO: I). HQNISDGK (SEQ ID NO: 2), or 
VISSHLGQ (SEQ IDNO: 31) and the sequence: PKNSSMISNTP (SEQ ID NO: 3). Hiis epitope is suitably 
fused to the polypeptide of interest, and in a preferred aspect is contained on a peptide that is fused to the 
polypeptide of interest Examples of polypeptides of interest suitable for this purpose inchide those which will 
have altered secondary or tertiary structure; with adverse consequences, if the sequence thereof is mutated, such 

15 as growth hormone or nerve growth ftctor. 

In one embodiment, the variants can be prepared by recombinant means. Thus, nucleic acid encoding 
the variant is p re par ed, placed into a replicable vector and the vector is used to transfect or transform suitable 
host cells for ex|M^ion. The polypeptide variant is produced by cuhuring the host cells in a culture medhmn 
and recovering the polypeptide variant born the host cell culture. 

20 If the polypeptide variant is being secreted, it is recovered from the culture medium. In another embodiment, 
the polypeptide variam is pr ep ar e d by altering a polypeptide of mterest that is cleared from the kidney and does 
not contain an Fc region of an IgG so that it comprises a salvage receptor binding epitope of an Fc region of an 
IgG and has an increased in vivo half-life. The altering step is preferably conducted by Kunkel, site-directed, 
cassette, or PCR mutagenesb. Kunkel mutagenesis is described, eg., by Kunkel, Proc. Natl. Acad. Sci. 

25 1LSAJ2:48S-492(1985). 

2. Preparation of Pohmeptides of Interest and Their Variants 

Most ofthe discussion below pertains to fTOduction of the polypeptide ofimerest or polypeptide variant 
by cutturing cells transformed with a vectjor containing the nucleic acid encoding the polypeptide of interest or 
polypeptide variant and recovering the polypeptide of interest or variant from the cell culture. It is further 

3 0 envisioned that the polypeptide of interest may be produced by homologous recombination, as provided for in 
WO 91/06667 published 16 May 1991. Briefly, this method involves transforming primary mammalian cells 
ccmtairung endogenous polypeptide (e.^, human odis if die desired polypeptide is human) widi a construct (te, 
vector) comprising an amplifiable gene (such as dihydrofolate reductase pHFR] or odiers discussed below) and 
at least one flanking region of a leogdi of at least about 1 50 bp that is homologous with a DNA sequence at the 

3 5 locus of the coding region of the gene of the polypqptide of interest to provide amplification of the gene encoding 
die polypeptide of intere st The amplifiable gene must be at a site that does not interfere with expression of the 
gene encoding the polypeptide of interest The transformation is conducted such that the construct becomes 
homologously integrated into the genome of the primary cells to define an amplifiable regi n. 
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Mnsycdboomprisn^teconstnictaret^ of die amplifiabie gene or other 

marker present in the omstnicL The presence oftfae marker gene establishes the presence and imegrati 
oaostruaiato the host genome. No further selectioaofthe primary celte need be made, since selection will be 
made in the second host If desired, the occurrence of the homologous recombination event can be determined 
5 bv employing PCR and citfier Mqiiwiring the regilting amplified n>J A «»piwiciKt nr /Wtfnfning thf appropriate 

length of die PCR fragmemviico DNA from comet honologous int^rants is present and esqkanding only those 
cells containing such fragments. Alsoifdesired^theselectedcellsmay be amplified at this point by stressing 
the ceUs widi the q>propriate amplifying agent (such as methotrexate if the amplifiable gene is DHFR), so that 
multq>le copies ofthe target gene are obtained. Preferably, however, the amplification step b not conducted until 
10 after die second transformation described below. 

After die sefectkn step, DNA portions of the genome; sufiidently huge to inchute the m 
region, are isolated from die selected primary cells. Secondary mammalian expression host cells are dien 
transformed widi these genomic DNA poitkms and cloned, and clones are selected that contain die amplifiable 
regicm. The amplifiable region is then amplified by means of an amplifying ag^ if not abeady amplified in the 
15 primary cells. Finally, die secondary expression host cells now comprising muhiple copies of die amplifiable 
r^ion containing die polypqytide of interest are grown so as to express the gene and produce the polypeptide. 
A. Isolation of DNA Encoding Pnlvpcptide of Interest 
Ihe DNA encoding die pol>pepdde of interest may be Obtained frtmi any d^NA Iil^^ 
tissue believed to possess die mRNA encoding die polypeptide of interest and to express it at a detectable level. 
20 The gene encoding the polypeptide of interest may also be obtained from a genomic library or by in vitro 
oligonucleotide syndiesis, assummg the complete nucleotide or amino ackl sequence is known. 

Libraries are screened widi probes designed to identify die gene of interest or die protein encoded by 
it For cDNA expressicm libraries, suitable inrobes include monoclonal or polyclonal antibodies that recognize 
and specifically bind to die polypeptide of interest; oligonucleotides of about 20-80 bases m lengdi diat encode 
25 known or suspected portions of die cDNA encoding die polypeptide of interest from the same or differem 
^)ecies; aitd/or complementary or homologous cDNAs or fragments thereof that encode the same or a similar 
gene. Appropriate probes for screening genomic DNA libraries inchide. but are not limited to, oligonucleotides, 
cDNAs, or fragments thereof that encode the same or a smiilar gene, and/or homologous genomic DN As or 
fragments diereof Screening the cDNA or genomic binary widi die selected probe may be conducted using 
30 standard procedures as described in Chi^ners 10-12 of Sambrook et a/.. Molecular Cloniny: A Laboratofv 
Mazmal (New York: Cold Spring Harbor Laboratory Press. 1 989). 

An altemative means to isolate die gene encodmg die polypeptide of interest is to use PCR 
methodology as described in Secti<m 14 of Sambrook ei al.^ supra. This method requires the use of 
oligonucleotide probes diat will hybridize to the polypeptide of interest. Strategies for selection of 
3 5 oligonucleotides are described below. 

A preferred mediod of practicing this invention is to use carefully selected oligonucleotide sequences 
to screen cDNA libraries from various tissues. 

The oligonucleotid sequences selected as probes should be of sufficient lengdi and sufTidently 
unambiguous diat &lse positives are minimized. The actual nucleotide sequcnce(s) is usually based on conserved 
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nrhi ^iy hnm kgous nucleotide soquoices. TTieoUgw n j cte otkksmiy bcde gcu q ale atoneormorepositkHtf 
Th use of deseneiate oligonucleotides may be f particular importance where • hTmay is screened from a 
q^es in which preftiential codoo usage b not known. 

Hie oligomicleotide must be labeled such that it can be detected upon hybridization to DN A in the 
5 Hhmy being screened, ihe pefenedinethod of labeling is to use ^P-labeled AW 

as is well known in the ait, to tadk)label the oHgcHiucleotide. However* odier mediods may be used to label the 
digcmudeotide, including, but not UmitBd to, biotinylation or eazyme labeling. 

Ofparticular interest is the nucleic acid encoding the polypeptide ofimerest that encodes a fulMength 
polypeptide. In some prefcxred embodiments, Ac nucleic acid sequence inchides the polypeptide of interest's 
10 signal sequence. Nudcic acW having aU die protein coding sequence is obtained by screening sd 
OT genomic hlmffies using the deduced amino acid sequence disclosed herwn for 1^^ 

using conventional primer extension jrocedures as described in Secti<m 7.79 of Sambrook et aL, siq^a, to detect 
precursors and ivocessing intermediates of mRNA tfiat may not have bcai reverse-transcribed mto cDNA. 
B. Preparation o f Vfriimtg of Poh^penride of Interest 

15 The variants of the polypeptide of interest are suitably prepared by hitroducing appropriate nucleotide 

changes as set forth above for the Fc region into the DNA encodtog the polypeptide of interest, or by in vitro 
synthesis of the desired polypeptide variant Such variants include, for example, deletions from, or msertions 
or substitutions oC residues witiiin the amino acid sequence of the polypeptide of interest so that it contains the 
proper epitope and has a longer half-life in serum. Any combination of deletion, insertion, and substitution is 

20 made to arrive at the final construct, pnwdeddiattiie final consmiap^ The 
amino acid changes also may aher posi-translational processes of the polypeptide of interest, such as changing 
the number or position of glycosylation sites. Moreover, like most mammalian genes, the polypeptide of interest 
might be encoded by multi-exon genes. 

For the design of amino acid sequence variants of die polypeptide of interest, the location of tijc 

25 mutation site and the nanire of die mutation will be determined by tiie specific polypeptide of interest being 
modified. For example, an inununoglobulin or iromunoglobulin-like domam will be initially modified by 
locating k>ops ti&at are structurally shnilar to die two loops in IgG CH2 tto 

The sites for mutation can be inodified individually or in scries, eg., by conservative 
amino acid choices and tiien widi more radical selections depending upon the results achieved, (2) deleting tite 

30 target residue, or (3) inserting residues of the same or a different class adjacent to die located site, or 
combinations of options 1-3. 

A useful mediod for identificatiim of certain residues or regions of die polypeptide of interest that are 
preferred locations for mutagenesis is called "alanine scanning mutagenesis," as described by Cunningham and 
Wells. Science. 244 : 1081-1085(1989). Here, a residue or group oftarget residues are identified (e.g., charged 

35 residues such as arg, asp, his, lys, and glu) and replaced by a neutral or negatively charged amino acid (most 
preferably alatune or polyalanine) to affect die interaction of die amino acids widi die surrounding aqueous 
environment in or outside die cell. Those domains demonstrating functional sensitivhy to die substitutions then 
are refined by introducing further or other variants at or for die sites f substitution. Thus, while th sitefr 
introducing an amin acid sequence variation is predetermined, th nature fthe mutation ^cr^e need not be 
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predetennined. For example, to cptbnne the peifojiuance of a mutation at a given site, alanine scanning or 
random mutagenesis is conducted at the target codon or region and the variants produced are screened for 
increased circulatory half-life. 

Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably about 1 
5 to 10 residues, and typically are condguous. Contiguous deletions ordinarily are made in even numbers of 
residues, but single or odd numbers ofdeletions are widiin the scope hcreofl As an example, deletions may be 
introduced into regi(Kisoflow homology among LFA-1 antibodies liriucfa share the most sequence identity to die 
amino acid sequence oftfae polypeptide ofimerest to modify the half-life Deletions from the 

polypqytide of interest in areas of substantial homology with one of the binding sites of other ligands will be 

10 more likely to modify the biological activity of the polypeptide of interest more significantly. The number of 
consecutive deletions will be selected so as to preserve the teniary stnicnire of the polypqytide of interest in the 
affected domain, eg. , beta-pleated sheet or alpha Mix. 

Amino acid sequence insertions inchtde amino- and/or caiboxyl-tenninal fusions rangmg in lengA from 
one residue to polypeptides containing a hundred cx-more residues, as well as intra-sequence insettions of single 

15 or multiple amino acid residues, tntra-sequence insertions (ie., insertions within the mature polypeptide 
sequence) may range generally from about 1 to 10 residues, more ^fetably 1 to 5* most preferably 1 to 3. 
Insertions are preferably made in even numbers of residues, but this is not required Examples of insertions 
inchide insertions to the internal pcntion of the polypeptide of interest, as well as N- or C-terminal fusions with 
proteins or peptides containing the desired epitope diat will result, upon fiisicm, in an increased half-life. 

20 A third group ofvariants are amino acid substitution variants. These variants have at least one ammo 

acid residue in the polypeptide molecule removed and a different residue inserted in its place. The sites of 
greatest interest for substitutional mutagenesb inchide one or two loops in antibodies Other sites of interest are 
those in which particular residues of die polypeptide obtained from various species are identical among al 1 animal 
^secies of the polypeptide of interest, diis degree of conservation suggesting importance in achieving biological 

25 activity common to diese molecules. These sites, e^)eciallydK>sefUling within a sequence ofat least three odi^ 
identically conserved sites, are substituted in a relatively conservative manner. Such conservative substitutions 
are shown in Table 1 under the heading of prefierred substitutions. If such substitutions result m a change in 
biological activity, then more subsantial dianges, denominated exemplary substitutions in Table 1 . or as further 
described below in reference to amino add classes, are introduced and the products screened. 
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Table 1 

Origmal Exemplary Pi efa ied 

Bjaiduc suhrtitnrions SutettotiPDS 

Ala(A) vai;leii;ile vtl 

5 Aig(R) ly»;gln;8sn lys 

Aso(N) gin; his; lys; arg gin 

Asp(D) ghi ghi 

CyiC ser ser 

Gln(Q) isn asn 
10 Ghi (E) 

Gly(G) pn>;aU ala 

His(H) asn; gin; lys; arg arg 

De (I) leu; val; met; ala: 

phe; noriaicme leu 

15 Leu (L) narleucine; ile; 

val; met; ala; pftie ile 

Lys (K) atg; gin; asn aig 

Met (M) leu; phe; ile leu 

Phe(F) leu; val; ile; ala; leu 

20 xyr 

Pro(P) ala ala 

Ser(S) tfar tfar 

Thr(D ser ser 

Tip(W) tynpbc tyr 

25 TyrOO trp; phe; thn ser |Ae 

Val(V) ile; leu; met; phe; 

ala; norieucine leu 



Substantial modificatioos in function of the polyp^tide of mterest are acomiplished by selecting 
subst^ons that differ significantly in Hnar effect on maintaining (a) the structure of the polypeptide backbone 
30 in the area of the substimtion, for example, as a sheet or helical confonnation, (b) tiie charge or hydrophobicity 
of the molecule at the target site, or (c) the bulk of the side duun. Nantralty occurring residues are divided into 
eroups based on common side-chain properties: 

(1) hydrophobic: norieucine, met, ala, vaL leu, ile; 

(2) neutral hydrophilic: cys, ser, thr, 
35 (3) acidic: asp, glu; 

(4) basic: asn, gin. his, lys, arg; 

(5) residues that infhtence diain orientation: gly, pro; and 

(6) aromatic: trp, tyr, phe. 



-15 



W 96^478 



PCT/DSW04316 



NQai.cnnaervative .mlKiiHiiinfn« will #titaii Mtrfmngm|r » ff^#mh^ fone f these claSSes fOT another 
class. Such substituted residues also may be introduced into the conservative substitution sites r, more 
prefierably» into the remaining (DOD-ccmserved) sites. 

h may be desirable to inactivate one or more protease cleavage sites that are present in the molecule. 
5 Ibese sites are identified by inspection oftbe encoded amino add sequence, in die case of tr^^ for an 
aigmyt or lysinyl residue. When protease cleavage sites are identified, dicy are rendered inactive to proteolytic 
cleavi^ by substimting die tBigeted residue widi another residue; preficnbly a basic residue such as giutamtne 
or a hydrophilic residue such as serine; by deleting the residue; or by insening a prolyl residue inmiediateiy after 
the residue. 

10 In another embodiment, any methiony 1 residues other than the starting methionyl residue of the signal 

sequence, or any residue located widiin about three residues N- or C-tenninal to each such methionyl residue, 
is substituted by another rendue (preferably in accord widi Table I) or deleted Ahematively, about 1-3 residues 
are inserted adjacent to such sites. 

Any cysteine residues not involved in mamtaining the proper confcnnation of the polypeptide of interest 

15 also may be substintted, generally whh serine, to improve the oxidative stability of the molecule and prevent 
d)enrant crosslinking. 

In the first embodiment, nucleic acid molecules encoding amino acid sequence variants of the 
polypeptide of interest are prepared by a variety of methods known in the art These mediods include, but are 
not limited to, preparation by ol^onucleotide*mediated (or site-directed) mutagenesis, PCR mutagenesis, and 
2 0 cassette mutagenesis of an earlier prepared variant or a non-variant version of die polypeptide on which die 
variant herein b based ("polypeptide of interest*^. 

OligODudeotide-mediated mutagenesis is a preferred method for preparing substitution, deletion, and 
insertion pdypqytide variants herein. This technique is well known m the art as described by Adelman et ai., 
SUA. 2' 183 (1983). Briefly, die DNA is ahered by hybridizing an oligonucleotide encoding die desired 
25 mutation to a DNA template, where die template is the single-stranded form of a plasmid or bacteriophage 
containing die unahered or native DNA sequence of the polypeptide to be varied. After hybridization, a DNA 
polymerase is used to synthesize an entire second complementaiy soand of the template that will tfius inovporate 
the oligonucleotide primer, and will code for die selected alteration in die DNA. 

Generally, oligonucleotides of at least 25 nucleotides in lengdi are used. An optimal oligonucleotide 
30 will have 12 to 15 nucleotides that are ccunpletely complementary to the template on either side of the 
nucleotide(s) coding for die mutation. This ensures diat Ae oligonucleotide will hybridize properly to the 
single-stranded DNA template molecule. The ohgcmucleotides are readily synthesized using techniques known 
in die art such as diat described by Crea el c/., Proc. Natl. Acad Sci. US>^. 25: 5765 (1978). 

The DNA template can be generated by those vectors ttiat are either derived from bacteriophage M13 
35 vectora (the commercially available M13mpl8 and M13mpl9 vectors are suhableX or those vectors that contain 
a single-stranded phage origin ofreplication as described by Viera era/. Meth, EnTvmol , 153 : 3 n987V Thus, 
the DNA that is to be mutated may be inserted imo one of these vectors to generate single-stranded template. 
Production of the single-stranded template is described in Sections 4.2M.4] of Sambrook & a!., stq^ra. 
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Abcniatively, singto-smded DNA template 1^ 
(or other) DNA using standard tedmiqaes. 

FdraheratifmoftiieoriginalDNA sequence 10 generate the polypeptide variants ofthb invention, die 
oligonucleotide is hybridized to die single-stranded template under suitable hybridizati<a ccmditions. A DNA 
5 potymerizing enzyme, usually die Kienow fragment of DNA polymerase I, is then added to Qtnhesize the 
complementary strand of die Tfmpl**^ using the oligonudeotide as a primer for synthesis. A heteroduplex 
molecute is dms foraied such diat one stiand of DNA encodes die mutated 

strand (die onginal template) encodes die original, unahercd sequence of die pd Hiis heteroduplex 

molecule is tfientransfonned into a sohabte host cell usually a prokaiy^ Aifter die cells 

10 are grown, diey are plated onto agarose plates and screened using die oKgcmucleodde primer radiolabeled widi 
to identify the bacterial colonies diat contain the mutated DNA. The mutated region is then removed and 
placed in an qif^priate vector for protein producdcm, generally an expression vector of the type typically 
employed for transformation of an appiopnMtc host 

The mediod described immediately above may be modified such that a homoduplex molecule is created 

15 wherein bodi strands of die plasmid contain the mutation(s). Hie modificadons are as follows: The 
single-stranded oligonucleotide is aimealed to the single-stranded template as described above. A mixture of 
diree dcoxyribonucleotides, dcoxyriboadenosine (dATP), deoxyriboguanosine (dGTPX and deoxyribodiymidine 
(dTFP), is combined widi a modified diio-deoxyribocytosine called dCTP-(aS) (which can be obtained from 
die Amersham (Corporation). This mixture is added to die template-oligonucleotide complex. Upon addition 

20 of DNA polymerase to this mbcture, a strand of DNA identical to die template except for the mutated bases is 
generated In addidon,diis new mndofDNA win comaindCTP*(aS) instead of dCIT,M^^ 
it from restriction cndonucleasc digesticm. 

After die template strand of die double-stranded heteroduplex is nicked widi an appropriate restriction 
en^vie, die template strand can be digested widi £xoIII nuclease or anodier sqypropriate nuclease past die region 

25 tiiat contains the site(s) to be mutagenized. The reacdon is then stopped to leave a molecule that is onty partially 
single-stranded. A complete double-stranded DNA homoduplex is then formed using DNA polymerase in the 
presence of all four deoxyribonuckodde triphosphates. ATP, and DNA ligase. Hib homoduplex molecule can 
dien be transformed into a suitable host cell such as £ coli JMlOl, as described above. 

DNA encoding polypeptide mutants widi more than one amino add to be substiuited may be generated 

30 in one of several ways. If the amino acids are located close togedier in die polypeptide chain, they may be 
mutated simultaneously using one oligonucleotide that codes far all of the desired amino acid substitutions. If, 
however, die amino acids are located some distance fnm each other (separated by more than about ten amino 
acids), it is more difficult to generate a single oligonucleotide diat encodes all of die desired changes. Instead, 
one of two ahemative mediods may be employed. 

35 In the first mediod, a separate oligonudeotide b generated for each amino acid to be substituted. The 

oligonucleoddes are then annealed to die single-stranded template DNA simuhaneously, and the second strand 
of DNA diat is syndiesized from die template will encode all of the desired amino acid substitutions. 

The alternative mediod involves tw or more rounds ofmutagenesis to produce the desired mutant The 
first round is as described for die single mutants: wild-type DNA is used for the template, an lig nucleotide 



17- 



W 9602478 



PCI7US96/D4316 



encodiiig the first desired amino acid substitiiticMt(s) is annealed to this template, and the heteroduplex DN A 
molecule is then gen era ted The second nmdofmmagenesis utilizes the mutated DNA produced in 
round f mutagenesis as the template. Thus, this template already contains one or more mutations. The 
oligooudeottde encoding te additicmal desired aniino add substiaition^ 
5 the rauhing strand of DMA now encodes mutations from both the first and second rounds of mutagenesis. This 
restthant DNA can be used as a tem]^ate in a third round of mutagenesis, and soon. 

PCRmutagenesbisalsosaitabletemakingaminoacidvana^ While the following 

discussion refen to DNA, it is understood that the technique also finds applicatimi with RNA. The PGR 
tec hni q ue generally refiers to the following procedure (see Ertich^ji^ira, the chapter by R. Higuchi, p. 61-70): 

10 When small amounts of template DNA are used as starting material in a PGR, primers that differ slightly in 
sequence from the cor re spon ding region in a template DNA can be used to generate relatively large quantities 
ofa specific DNA fr^emdiat differs frc)m the template sequence onty at the position differ 
frran d>eteir^>hue. For introduction of a mutation into a plasriiidDNA* one ofthepritriers is desigriedt^ 
the position of the tmitation and to contain the mutation: the sequence of the other primer must be identical to 

15 a stretch ofsequenceofthe opposite strand ofdieplasmid, but this sequence can be located any^ 

plasmidDNA. It is prefexred, however tiiat the sequence ofthe second primer is located wittiin 200 nuc 
from that of the first, such that in the end the entire amplified region of DNA bounded by the primers can be 
easily sequalced. PGR amplification using a primer pair like the one just described results in a population of 
DNA fragments that diffb- at the position of the mutation spedfied by the primv^ 

20 as template copying is somewhtt error-prone. 

If the ratio of template to product matortal is exvemely low, die vast majority of product DNA 
fragments incorporate the desired mutation(s). Thb product material is used to rq>lace the corresponding region 
in the plasmid that served as PGR template using standard DNA technology. Mutations at separate positions can 
be introduced simultaneously by either using a mutam second primer, or performing a second PGR with different 

25 mutant primers and ligating the two resulting PGR fragments simultaneously to the vector fragment in a three 
(or more)-part ligation. 

In a specific example of PGR mutagenesis, template plasmid DNA (1 pg) is linearized by digestion with 
a restriction cndonuclease that has a unique recognhion site in the plasmid DNA outside of the region to be 
amplified. Of this material lOOngisaddedtoaPGRmixturecontainingPCRbuffer, which contains the four 

30 dcoxynucleotide triphosphates and is included in the GeneAmp^ kits (obtained from Pericin*Elmer Cetus, 
NOTwaOc CTand Emeryville, GA), and 25 pmole of each oligonucleotide primer, to a final volume of 50 ^L. 
The reaction mixture b overlaid with 35 mineral oil. The reaction mixture is denatured for five minutes at 
100*G, placed briefly on ice, and dien 1 |iL Thermus aquaiicus (Tag) DNA polymerase (5 units/)iU purchased 
from Perkin-EhnerGetus) is added below the mineral oil layer. The reaction mixture is dten insetted into a DNA 

3 5 Thermal Gycler (purchased frvun Perkin*Elmer Getus) prog r am med as follows; 
2min.55*C 

30 sec 72*'G, then 19 cycles of the following: 
30scc.94*G 
30sec.55*G,and 
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30 sec TTC. 
At the end of the |M0gram, teaction vid b ranove^ 
innsfiBned to anew viil, exttacted widi phcnol/chloiofbnn (50:50 volX and elfaanol precipitated, and the DNA 
is recovered by standard procedures. Tliisiiiaterial is subsequently subjected to the appropriate treatments for 
5 insertion into a vector. 

Anofliermediod for preparing variants, cassette mutagenesis, is based on the technique described by 
Wells er aL^ Gene. 3 15 (19S5). The starting material is the plasmid (or other vector) comprising the DNA 
to be nnitated. The codoQ(s) in the DNA to be inutBted are identified. Itee must be a unique restriction 
endonudease site <m each side of the identified mmation site(s). Ifno such restriction sites exist, they may be 
10 generated using the above-described oligimucleotide-mediated mutagenesis method to introduce them at 
appropriate locaticms in the DNA. After the rcsnictioosf» have been inirodooed into the plasmid. the plasmid 
IS cut at these sites to linearize it A double-sn^ndedoligonudeotide encoding the sequence of the DNA betwe^ 
the restriction sites bm containing the desired mutation(s) is synthesized usmg standard Thetwo 
strands are syrithesizedsqyarately and then hybridized together using stam This double-stranded 

15 oligomideotide is referred to as the cassette. This cassette is designed to have 3' and 5' ends that are compatible 
with the ends of the linearized plasmid, such that it can be direcdy ligated to the plasmid. This plasmid now 
contains tiie mutated DNA sequence. 

C Insgftimi of Nucleic Acid into Renlicable Vector 

The nucleic acid (eg:, cDNA or genomic DNA) encoding the polypeptide variant is inserted into a 
2 0 replicable vector for fimber cloning (amplification of the DNA) or for expression. Many vectors are available, 
and selecticm of the appropriate vector will depend on I) ii^wther it is to be used for DNA amplification or for 
DNA expression, 2) the size of the micleic acid to be inserted into the vector, and 3) the host cell to be 
transfoncned widi the vector. Each vector omtains various components depending on its function (amplification 
ofDNAiH* expression ofDNA) and the host cell with \^uch it is oompanl>le. The vector components generally 
25 inchide, but are riot lirnited to, one or more of the following: as^nalsequence, anmginofreplication«oneor 
more marker genes, an enhancer clement, a promoter, and a transcription termination sequence. 
(0 Signal Sequence Compgnm 

lite pofypeptide variants of diis mventkm may be produced not only directly, b^ 
a heterologous polypeptide, preferably a signal sequence or other polypeptide having a specific cleav^e site at 

30 the N-terminus of the ma&ire polypeptide variant In general, the signal sequence may be a component of the 
vector, or it may be a part ofdie DNA that is inserted into Ae vector. The heterologous signal sequence selected 
should be one that is recognized and processed (ie, cleaved by a signal peptidase) by the host cell. For 
pntoyotic host ceOs that do not recognize and process die polypeptide of interest's signal sequence, the signal 
sequence is snbstiftited by a prokaryotic signal sequence sel e c te d, for example, fiom the group consisting of the 

35 alkaline phnsphatast, penicillinase, Ipp, <g heat^stable enterotoxin 11 leaders. Foryeast secretion the original or 
wikl-type signal sequence may be substituted by, eg., the yeast invertase leader, yeast alpha fiictor leader 
ijachii^gSacckartmycesm^Khiy^^ 5,0I0,IS2 
issued 23 ^xil 1991), yeast add phospham^ leader, mouse salivary amylase leader, carboxypeptidase leader, 
yeast BARl leader, Humicola lanuginosa lipase leader, the C. albicans ghicoamylase leader (EP 362,179 
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pubii^4April ]990Xcvtesigiia] described m WO 90/13646^ In mamm al i a n 

cell ffTtpr m wp the origina] Imman signal sequence (te, die polypeptide prescqoence that nonnalty directs 
secredoQ f the native polypq>tide of inteitst from wluch the variam of 

yyyip) jjf «^'yfiM<n »y^ ^ff T™""*!"" jrigiud acqugices fluy bc gritablcL such as signal sequences from 

5 other mtimal polypfptidfs and fignwl ipq"^*^ Mereted polypeptides of die same or telated species, as well 
as viral secretory leaders, for example, the herpes simplex gD signaL 

The DNA for such precursor region is ligated in leading fiame to DNA en 

variant 

(ii) Oriyiit of Replicrtion Component 

10 Both expression and ckomgvectiHS contain a nucleic add sequence that cnab 

in one or more selected host cells. Generally, in cloning vectors this sequence is one diat enables the vector to 
r^licate independently of the host chromosomal DNA, and includes origins of replication <»- autonomously 
replicating sequences. Sucfasequeticesarewellknownfora variety of bacteria, yeast, and viruses. Theorigin 
of replication from die plasmid pBR322 (ATCC 37,017), or from od»er commercially available bacterial vectors 

15 such as, eg., plCK223-3 (Riarmacia Fme Chemicals, Uppsala, Sweden) and pGEMl (Promega Biotech, 
Madison. Wis.X is suitable for most Gram-negative bacteria, the 2|i plasmid origin is suitable for yeasc and 
various viral origins (SV40, polyoma, adenovirus, VSV, or BFV) are useful for cloning vectors in mammalian 
cells. Generally, the origin ofrq)licatioa component biiot needed for nummalonexpresn 
origin may typically be used only because it contains the eariy promoter). 

20 Most eiqnesstQo vectcKS are "shuttle** vectors, they are capable of replication in at least one class 

of organisms but can be transfected into anodier organism for expression. For example, a vector is cloned m £ 
coii and then the same vector is transfected into yeast or mammalian celb for expression even though it is not 
arable of replicating independoitly of the host cell chromosome. 

DN A may also be amplified by insertion into die host genome. This is readily accomplished using 

2 5 Baciilus species as hosts, for example, by mchiding in the vector a DNA sequence that is complementary to a 

sequence found in Bacillus genomic DNA. Transfection of Bacillus wtdi this vector results in homologous 
recombination with the genome and insertion of the DNA. However, the recovoy of genomic DNA encodmg 
the polypeptide variant is more complex than diat of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the DNA. 

30 (iu) Sclmion ficnc Component 

Expression and clwiing vectors should contain a selection gene, also tenned a selectable marker. This 
gene encodes a protein necessary for the survival <k- growth of transformed host cells grown in a selective cutnire 
medhmt. Host celh not tnmsfoimed wid) die vector containing die selection gene wiU not suno^ 
medhun. Typical selection genes encode proteins diat (a) confer resistance to antibiotics^or oiher toxins, eg., 

3 5 ampidllin, neomycin, mediotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 

critical luitrients not available from complex media, e.g,^ the gene encoding D-alanine racemase for Bacilli. 

One example of a selecticm scheme utilizes a drug to arrest growdi of a host cell. Those cells diat are 
aiocessfidly transfonned with a heterologous gene |Boduce a protein confeiring drug resistance and thus survive 
die selection regimen. FTmmrH t*^«'^ Af»nht>«nt ^\0rtinn itc» th<> ftmgg twnmyein (Soudiem et oL. J. Molcc. 
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A ppl GciicL. 1: 327 (19R2]X myo^enoUc acid (Mulligan erdl, SaSD£S» 2&2: 1422 [1980]), or hygromycin 
(Sugden etaL, Mol. Cell. BioL. i: 41(M]3 [1985]). The three examples given above employ bacterial genes 
under eukaryotic control to convey resistance to die api^ipriate drug G418 or neomycin (gmeticin), xgpt 
(myoopbenolic addX or hygrmnycin, respectively. 
5 Another example of suitable select^le maikers for mammalian cells are those that enable die 

identifkattcmofcellsGompetenttotakeupthenucleicacidvSucfaasDHFRorthy^^ Themammaltan 
ceU transftmnnts are placed under selection pressure dutt only the transf^^ 

by virtue of having taken up the maiker. Sdection pressure is imposed by cuhuring die transfcnmants under 
condition? in which the concetitration of setecticm agent in die medhm is successively dumged diereby leading 

10 to amplification of bodi die selection gene and die DNA diat encodes die polypeptide variant Amplification is 
the process by which genes in greater demand for die production of a protein critical for growth are reiterated 
in tandem within the chramoscmies of successive generations of recombinant cells. Increased quantities of die 
polypeptide variant are synthesized fixun the amplified DNA. Odier examples of ampliflable genes include 
metallodiionein-I and -II, preferably primate metallothiooein genes, adenosine deaminase, cmiithine 

15 decaiboxylase, etc. 

For example, cells transfomned widi die DHFR selection ^e are first identified by cu I turii^ al 1 of the 
transfonnants in a culture medium that contains methotrexate (Mtx), a c<mipetitive antagonist of DHFR. An 
appn^iriate host cell vAien wild-type DHFR is employed is die Chinese hamster ovary (CHO) cell line deficient 
in DHFR activity, prepared and propagated as described by Urfaub and Chasin, Ptk. Natl, Agad. Sgj, VSA, 22- 

20 4216 (1980). The transformed cells are then exposed to increased levels of mediotrexate. This leads to the 
syndiesis of multiple copies of die DHFR gene, and, concomitantiy, multiple copies of odier DNA comprising 
die expression vectors, such as die DNA encoding die polypeptide variant lliis amplification technique can be 
used .widi any oAerwise suitable host, eg., ATCC No. CCL61 CHO-Kl, notwidistanding die presence of 
endogenous DHFR if; for example, a mutant DHFR gene diat is highly resistant to Mtx is employed (EP 

25 117,060). 

Altematively, host cells (particularly wild-type hosts that contain endogenous DHFR) transformed or 
co-transfiDrmed widi DNA sequences encoding die polypqrtide variant, wild-type DHFR protein, and anodier 
selectable marker such as aminoglycoside S-phoH^otransferue (APH) can be selected by cell growdi in medhun 
containing a selection agem for the selectable marker such as an aminoglycosidic antibiotic, eg., kanamycm, 
30 neomycin, or G4 18. See U.S. Patent No. 4,965,199. 

A sutuble selection gene for use in yeast is the r^l gene present in die yeast plasmid YRp7 
(Stinchcomb ei at, Nsmre. 282: 39 [1979]; Ktngsman cr aL, Qmc. 1- HI [1979]; or Tsdiemper ei al., fimc, 
Ifl: 157 [1980]). The irp\ gene provides a selection marker for a mutant strain of yeast lacking die ability to 
grow in nyptc^han, for example, ATCC No. 44076 or PEP4-1 (Jones, fisnsti^ Si: 12 [1977]). The presence 
35 of die f7;pl lesion in the yeast host cell genome dien provkles an effective environment for detecting 
transformation by growth in the absence of tryptO|dian. Similarly, Le«2-deficient yeast strains (ATCC No. 
20,622 or 38,626) are complemented by known plasmids bearing the Ieu2 gene. 

In addition, vectcHs derived from the 1.6 ^m circular plasinklpKDl can be u^ f 
Kho^omyces yeasts. Rianchi g/ aA. rmr. Genet.. 12: 185(1987). More rccendy, an cxpressi n system for 
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laige-acttepioductMnofwiComhhMmcalfdi^^ Vm den Bery, Bto/Tcdmologv. 

S:135(1990X Stable nwM<opyeiq)fes»Hmvccton fa ac^^ 

by industrial strains of IQityveromyeo have also been disc lo sed. Fleer ef aL. Bio/Tcdmologv. £: 968*975 
(1991). 

(iv) PlWIOtCT ConiPgPCTl 

Expresaoo and ckming vectors usttally contain 8 piCT 
is operably linked to the nucleicactd. Promotere are untranslated sequences locaied opstream (5*) to the start 
codon ofastmctoral gene (generally vriifain about 100 to 1000 bp) ttmt control the transcription and translaticm 
of particular nucleic ackl sequence* such as iiucleic acid sequetice of die poi^^ 

they are operably linked. Sudi p ro moters typically foil into two clasm, inducible and constitutive. Inducible 
promoters are pi Dmo tq& that initiate increased levels of transcription fiom DNA under dieir control in response 
to some change in culmivconditiaiis,^^., the presence or absence ofa nutrient or a change At 
this time a large number of promoters recognized by a variety of pcrtential host cells are wel] known. These 
promoters are operably linked to the DNA encoding the polypqnide variant by 

source DNA by restrkticm enzyme dqcesdon and insming die isolated promoter sequenced The 
promoter of die polypeptide of interest and many heterologous promoters may be used to direct amplification 
and/or expression of die DNA. However, heterobgous pro mo t er s are pre fe rred, as diey generally permit greater 
transcription and higher yiekls of recombinantly produced polypqrtide variant as compared to die promoter of 
die polypeptide of interest 

tomoters suitable for use widi prokaryotic hosts inchade the P-lactamase and lactose promoter systems 
(Chang er al, 222: 615 [1978]; and Goeddel et al., Hms, 2SL 544 [ 1979]X alkaline phosphatase, a 

tryptofdian (trp) promoter system (Goeddel, Nucleic Acids Res„ £: 4057 [1980] and EP 36,776) and hybrid 
promoters such as die tac promoter (deBoer er Pm. Natl. Af »d. Sci. USA. jQ: 21-25 [1983]). However, 
odier known bacterial pi omoten are suitable. Iheirnuclec^ sequences have been published, diereby enabling 
a skiUed worker operably to l^ate diem to DNA encoding die polypeptide vatiam (Siebenli^ 
[1980]) using linkers or adapttMs to supply any required restriction sites. Promoters for use in bacterial systems 
also will contain a Shine-Dalgaroo (SI>.) sequence operably linked to die DNA encodi^ 

Promoter sequences are known for eukaiyotes. Virtually all eukaryotic genes have an AT-rich region 
k)catedapproxinEuitely 25 to 30 bases iq»5tream fiom die site where transcription^ Another sequence 

found 70 to 80 bases upstream from the start of transcrqition of many genes is a CXC AAT region where X may 
be any nucleotide. At die 3* end of most eukaryotic genes is an AATAAA sequence that may be die signal for 
addition ofihe poly A tail to die 3* end of the coding sequence. All ofdiese sequences are suitably inserted into 
eukaryotic e)q)ression vectms. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglycerate kinase (Hitzeman et oL^ J. Biol. Chem„ 22i: 2073 [1980]) or odier glycolytic enzymes (Hess 
el aL, J. Adv. Etigymg Reg J: 149 [1968]; and Holland, Biochemistry. 12: 4900 [1978]). such as enolase, 
glycetaldehyde-3-pbo^ihate dehydrogenase; hexokinasc, pyruvate decarboxylase, phosphofiuctokinase, glucose* 
6-phosphate isomerase* S^rfioqihoglycerBte mutase, pyruvate kinase, triose^diosphate tsomerase, phospboghicose 
isomerase, and ghtcQkinase. 
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C)tto yeast promoters, whkil are inducible 
controUed by growth conditicHis, are the promoter regions for alcohol dehydrogenase 2, isocytochromc C, acid 
phosphatase, degtadativc enzymes associated withnitrogenmetrtwIisnumetaUoduonei^ glyccraldehyde-3i)hos. 
phate dehydrogenase, and en^es re^Kmsiblc for maltose and galactose utilization. Suitable vectors and 
5 promotcBforuseinycastexpresskmarefimhcrdescrib^ Yeast cnhanceis also 

are advantageously used with yeast promocers. 

Transcription of polypeptide variant ftrai vectors m mammalian ho^ 
by promoters obtamed from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,2 1 1 ^ 
published 5 July 1989), adenovirus (such as Adcnovims 2X bovine papilloma virus, avian sarcoma virus, 

10 cytomegalovirus, a retrovirus, hepadtis-B virus and most preferably Simian Virus 40 (SV40), from heterologous 
mammalian prxmiotcrs, eg., die actin promoter or an immunoglobulin promoter, from heat-shock promoters, and 
from the promoter normally associated widi die polypeptide variant sequence, provided sudi promoters are 
compatible with the host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 resoiction 

15 fragment that also cwitainsdic SV40 viral wrigin of replication. Fiers et a/., HsDOS^ 222:113 (1978); Mulligan 
and Berg. Scifflfife 202: }^''^^^'''' {'^^^Y P^^'^vi,^^/ fmr Natl Acad. Sci. USA. 78: 7398-7402(1981). 
The immediate cazfy prtnnoter of the human cytomegalovirus is conveniently obtamed as a ilffldlll E restriction 
fragment Greenaway cf dl.Jknfc IS: 355-360(1982). A system fi)r expressing DNA in mammalian hosts using 
die bovine papiUona virus as a vectOT is disclosed in U.S. Patent No. 4,4 19,446. A modification of this system 

20 is described in U.S. Patent No. 4,601,978. Sec also Gray et aL, MaiUEt 225: 503-508 (1982) on expressing 
cDNA encoding immune interfettm in monkey cells; Reyes cf a/.. MatUCfc 222: 598-601 (1982) on expression 
of human ^-interferon cDNA in mouse cells under the control of a thymidine kinase promoter from herpes 
.^{^ r.^,on; onH Pmr >J«tl Acud. ScL USA. 79: 5166-5170 (1982) on expression of the human 
interferon p 1 gene in culttired mouse and rabbit cells; and Gorman et aL , PreC.Natl, Aad.Sri.USA. 22: 6777- 

25 6781 (1982) on expression of b«acrial CAT sequences in C:V-I monkey kidney cells, chicken embryo 
fibroblasts, Chinese hamster ovary cells. HcU cells, and mouse NIH.3T3 cells using the Rous sarcoma virus 
long terminal repeat as a promoter. 

(v) Fnhancer Element Componert 

Transcription of a DNA encoding the polypeptide variam of diis invention by higher eukaryotes is often 
30 increased by inserting an enhancer sequence into the vecttff. Enhancen arc ds-acting elements of DNA, usually 
abom from 10 to 300 bp, thm act 00 a promoter to mcrease its transcription. Enhances are relatively orientation 
and posmon independent, having been found S (Laimins ef oil. Pro. Nail, A«d, Sri. USA. 28: 993 [ 1 981]) and 
J (Lusky et a/., Mol Cell Bio.. J: 1 108 11983D to the transcription unit, widiin an intron (Baneiji et a/.. Cell. 
22: 729 [ 1983D, as well as witiiin die coding sequence itself (Osborne et aL, Mol. Cell Big»» 4: 1293 [ 1 984]). 
3 5 Many enhancer sequences are now known from mammalian genes (globin, elaflase, albumin, a-fctoprotein, and 
insulin). TypicaUy, however, (me will use an enhance from a eukaryotic cell virus. Examples include the SV40 
enhancer on the late side of the replicatitm origin (bp 100-270), the cytomegalovirus early promoter enhancer , 
die polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. Sec also Yaniv, 
Naftge. 222: 17-18 (1982) on enhancing elements for activation of eukaryotic promoters. The enhancer may be 
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spliced into the vector at a positxan 5' or 3' to the polypcpttde-variant-encoding sequence, but is preferably 
located at a site 5* from the promoter. 

(vO Traiwermrion Tgrmination Component 

Expression vectors used in eukaryotic host celb (yeast, fungi, insect, pi^ 
5 cells from other muhicelhilar oiganisms) will also omtain sequences necessary for tiie termination of 
transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5' and, 
occa sion a l ly 3', untranslated regions ofeukaryotic or viral DMAs or cDNAs. These regions contain nucleotide 
segments transcribed as polyadenylated fragments in the untranslated pcmion of the mRNA encoding the 
polypeptide varnnt 
10 (vin Constniction and Analvsis of Vggtnff: 

Construction of suitable vectors containing one or more of the above-listed components employs 
standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and re-ligated in the 
fomi desired to generate the plasmids required 

For analysis to confiim correct sequences in plasmids constructed, the ligation mixtures are used to 
15 transform £ eoii K12 strain 294 (ATCC 31,446) and successful transfmnants selected by ampicillin or 
tetracycline resistance where appropriate. Plasmids from die transfbimants are prepared, analyzed by restriction 
cndonuclease digestion, and/or sequenced by the method of Messing et ai,^ Nucleic Acids Res . £: 309 ( 198 1 ) 
or by the method of Maxam er ai.. Methods in Enzvmoloyv 499 (1980). 

(viii) Transient Expression Vcctons 

2 0 Particularly useful in the pmctioe of this invention are expression vectors that provide for the transient 

expression in mammalian cells of DNA encoding the polypq>tide variant In general transient expression 
involves the use of an expression vector that is able to replicate efficiently in a host cell such that the host cell 
accumulates many copies of the ex^aession vector and, in turn, synthesizes high levels of a desired polypeptide 
encoded by the expression vector. Sambrook et aL, suprcu pp. 16.17 - 16^. Transient expression systems, 
25 comprismg a suitable expression vector and a host cell, allow for the convenient positive identification of 
polypeptide variants encoded by cloned DNAs, as well as for the rapid screoung of such polypeptides for desired 
biological or physiological properties. Thus, transient expression systems are particularly usefiil m the invention 
for purposes of identifying polypeptide variants diat are biologically active. 

(ix) Suitable Exemnlarv Vertebrate Cell Vectors 

3 0 Odier methods, vectors, and host cells suitable fen* adaptation to the synthesis of the polypeptide variant 

in recombinant vertebrate cell culture are described in Gediing er oil. Nature. 293 : 620-625 (1981); Mantei et 
at, Ussm, 2&L: 4(M6 (1979); EP 1 17,060; and £P 1 17,058. A particuhuly useful plasmid for mammalian cell 
culnire production of the polypeptide variant is pRK5 (EP 307,247) or pSV]6B (WO 91/08291 publi^ed 13 
June 1991). The pRK5 derivative pRK5B (Hohnes er at. Science. 253 : 1278-1280 [1991]) is particularly 
3 S suitable herein for such expression. 

D. Selection and Transformation of Host Cells 

Suiuble host cells for cloning or expressing dte vectors herein are the prokaryote, yeast, or higher 
eukaryote cells described above. Suitable prokaryotes for this purpose include eubacteria. such as Gram-n^ative 
or Granvpositive organisms, for example, Enterobacteriaceae such as Escherichia, eg., £ co//, Enterobacter^ 
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Erwinia, Klebsiella, Proteus, SalmoneUa, eg. , Salmoneiia typhtmurium, Serratia, eg., Serratia marceseans, 
mAShigfiiki^asyr6ii9S BaeilUsoxh BS R subtiiis BDd B, lichmformis (&g,, R itehentfomis Al^ 
DD266J\0piMAtdl2Apnll999),Pseudom(mas One preferred 

£ co/i cloning host is£ co/r 294 (AIXX 31,44^ aithoqgh odier strains such as £ coli B, £ co!iXlT76 (ATCC 
5 31^37X£co^'DIiSa,aDd£ca/iW3110(ATCC27325)aresu These examples are illustrative rather 
tfaanlimiting. Strain W3110bonepQfticalariyprdeiredhost(H'paRmho5tbec^ 

for recombinant DNAprodiict f er m e ntati ons. Prefenbty, the host ceU secretes minimal amounts of imueolyt^ 

enzymes. For exaniple, strain W3 110 may be nK)dified to efliect a genetic mu^ 

proteins endogenous to the host, wiAc9canq)les of such hosts inchuling£cfl^ IA2, which has the 

10 complete genotype tonAA; £ co/f W3 1 10 strain 9E4, which has die complete genotype tonAA ptr3; £ coii 
W31 10 strain 27C7 (ATCC 55 J44X which has die complete genotype tonA ptr3 phoAAEIS AfargF'iac)J69 
AdegP AompT kca{\ £ coH W31 10 strain 37D6. which has die complete genotype roit^ ptrS phoAAEIS 
A(argF'iac}I69 4degF AompT Arbs7 UvG W; £ cof/ W3 1 10 strain 40B4, which is strain 37D6 with a non- 
kanamycin resistant t^P deletion mutation; and an £ co/i strain having mutant periplasmic protease disclosed 

15 in U.S. Patent No. 4,946.783 issued 7 August 1990, Ahematively« in vitro methods of clonhig, eg., PCR or 
other nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotes, cukaryotic microbes such as filamentous fungi or yeast are suitable cloning 
or expression hosts for polypeptide-variant-cncoding vectors. Saccharomyces cerevisiae, or common baker's 
yeast, is the most common ly used among lower cukaryotic host microorganisms. However, a number of other 

2 0 genera, species, and strains are commonly available and useful herein, such as Schizosacckctromyces pombe 

(Beach and Nune, Namre. 22S: 140 [1981]; £P 139,383 published 2 May 1985); Kluywomyces hosts (U.S. 
Patent No. 4,943^29; Fleer cf a/., siqxra) such as, eg:, K. lactis (M W98-8C, CBS683, CBS4574; Louvencourt 
ei al.\ J. Bactcriol.. 737 [1983]), K, fragilis (ATCC 12,424X K. buigaricus (ATCC 16,045), Al wickeramii 
(ATCC 24,178X JC yvaltii (ATCC 56^00), K drosophUarvm (ATCC 36,906; Van den Berg ei a/., supra), K 
25 ihermotolerans. andK marxianus; yarrowia (£P 402^6); Pichia pastoris (EP 183,070: Sreekrishna et al,, L 
Basic Microbiol.. 28: 265-278 [1988]); Candida: jyiehoderma reesia (EP 244,234); Neurospora crassa (Case 
et al„ Proc. Natl. Acad. Sci. USA. 2fi: 5259-5263 [1979]); Sckwanniotnyces such as Schwawtiomyces 
oecidentedis (EP 394,538 published 31 October 1990); and filamentous fungi such as, eg, Neurospora, 
Penicillium, Totypocladium (WO 91/00357 published 10 January 1991), and Aspergillus hosts such as A. 

3 0 nidulans (Ballance etaL, Bioehem Biophvs. Res. Cwnmtm, 112= 284-289 [1 983]; Tilbutn «r oA, Qm, 2i' ^5- 

221 (1983J; Yehon et al, Proc. Natl. Acad. Sci. USA. £1: 1470-1474 (1984]) and A. niger (Kelly and Hynes, 
EMBOJ.. 4: 475-479 [1985]). 

Suitable host cells for the imxiuction of the polypeptide variant are derived from multicellular 
organisms. Such host cells are capable of complex processing and glycosylation activities, in principle, any 
35 higher cukaryotic cell culture is workable, whether from vertebrate or mvertefarate cuhure. Examples of 
mvertebrate cells include plant and insect cells. Numerous baculoviral strains and variants and corresponding 
permissive insect host cells from hosts such as Spodt^tera frugiperda (caterpillar), Aedes aegypti (mosquito), 
Aedes aibopictus (mosquito). Drost^fhila melanogaster (firuitfly). and Bombyx mori have been identified. See, 
eg, Luckow et aL, Bto/Tgchnolopv. 47-55 (1988); Miller a/., in rtgnetie Engineering, Setlow, J.K. et ai,. 
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cds^ Vol 8 (Pkaxm Pobiisbing, 1986X pp. 277-279; and Maeda a oL, liasmfi. 212: 592*594 (1985). A variety 
ofviialstraiasfortnosfiKtumarepubli^ eg:,tfaeL-l ymant of AmagnphacaUfiaTuca WW and 

the Bni>5 soain of Bom5)v man NPV, and such vnuscs vims liQCiu accoiding to the present 

invention, particularly for tiansfoction of ^fodopterafivggferda cells. 
5 Plant ceU cultures ofcottan,c(Hn, potato, soybean, petunia, tooia^ 

Typically, plant cells are transfccted by incubation with certain strains of the bacterium Agrotacterhim 
l a w^ iew , which has been previously manipulated to contain the DNA. During incubation of the plant cell 
cuhurc widii4. mm^^tfRS, the DNA encoding ^polypeptide variant is transliErTed to the plant cell host such 
that it 15 tnm rf ffctfd, and vt4^ wj ' j 'r np™** cnntKtinng, atpreas thft DKA, In addition, regulatmy and signal 

10 sequences compatible with phmt cells are available, such as the nopaline synthase pronMter and polyadenylation 
signal sequences. Dqncker etaL, J. Mot. Appl. Gen, 1: 561 (1982). In addition, DNA segments isolated from 
the upstream region of the T^NA 780 gene are capable of activating or increasii^ transcription levels of plant- 
cxpress^le genes in recombinaitt DNA-containing plant tissue. EP 321,196 published 21 June 1989. 

However, interest has been greatest in vertebrate cells, and propagation of vertebrate cells in culture 

15 (tissue culture) has become a routine procedure in recent years fTissue Culture. Academic Press, Knise and 
Panerson, editors [1973]). Examples of useful manunalian host cell lines are monkey kidney CVI line 
transforaned by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subcloned 
for prawtfa in nispension cuhure, GnhameiaL. J. Gen ViroL 36: 59[1977]);baby hamster kidney cells (BHK, 
ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. A cad, Sci. USA. 

20 4216 [1980]); mouse Sertoli cells (TM4, Mather, Biol. Reprod.. 22: 243-25 1 [1980]): monkey kidney cells 
(CrVl ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical 
carcinoma ceils (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells 
(BRL 3A, ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human Uver cells (Hep C2, HB 8065): 

mnii<i>mflmniary nmiftrc^lk/MMTflfll^^^ ATTT m.SIVTRI caXU (Maoher ei al AnnakN Y Acad. Sci.. 

25 44-68 [1982]): MRC 5 celb; FS4 cells: and a human hepatoma line (Hep G2). 

Host cells are transfected and preferably transformed with the ^)Ove-described expression or cloning 
vectors of this invention and cultured in conventional nutriem media modified as appropriate for inducing 
promoters, selecting transformants, or amplifying the genes encoding the desired sequences. TosfeoiGn 
refers to the taking up of an expression vector by a host cell whether or not any coding sequences are in fact 

3 0 expressed. Numerous methods of tiansfection are known to the ordinarily skilled artisan, for example. CaPO^ 
and electroporation. Successful transfection is generally recognized when any indication of the operation of this 
vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replic^le, either as an 
extrachromosomal elemem or by chromosomal integrant Depending on the host cell used, transformation is 

3 5 done using standard techniques s^yproimate to such cells. The calchmi treatment employing calcium chloride, 
as described in secticm 1 .82 of Sambrook et aL^ suprOj or ele c tr oporati on is generally used for prokaryotes or 
other cells that contain substantial cell-wall barriers. Infection with Agrobacterhun tumefaciens is used for 
transformation f certain plant cells, as described by Shaw et aL, QfiOfi. 22: 3 15 (1983) and WO 89/05859 
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|mblisfaed29Jiine I9S9. in addhion, ptems nuiy be transfected using ultnsou^ 
91/00358 pablished 10 January 1991. 

For mammalian cells without such cell walls, the calchmi phosphate fffcdpttation method of Graham 
and van der Eb, Vtrolopv, SZ- 456-457 (1978) is pcefened General aspects of mammalnn cell host system 
5 transformations have been described by Axel in US. Patent No. 4^99^16 issued 16 August 1983. 
liansfbimatioas into yeast are typically carried om acooiding Co tiie me& 

946 (1977) and Hsiao et oL, Proc Natl Acad Sci fUSAV 2fi: 3«29 (1979). However, other methods for 
introducing DNAtmocells^sudi as by rmdearmtcniinjection^ fusion with 

intact cells, or polycations, eg., polybrene, polyomitfaine, ere, may also be used. For various techniques for 
10 tnnsfinming mammalian cells, see Keown et <d., MethoA! in Enzymolopv. 12^: 527-537 (1 990) and Mansour 
€t al,, IiatUZS> 32&: 348-352 (1988). 

£. CulturingiligHgaCctIs 

Prokaryotic cells used to produce the polypeptide variant of this invention are cu hured in suitable media 
as described generally in Sambrook er oil, Jt9»vi. 

15 The nuunmalian host cells used to produce the polypeptide variant of this invention may be cultured 

in a variety of media. OMmnefctaliy available media such as Ham's F-10 (Sigma), F*\2 (Sigma)« Minimal 
Essential Medium ([MEM], Sigma), RPMM640 (Sigma), Dulbecco's Modified Eagle's Medium ([D-MEM], 
Sigma), and D-MEM/F-12 (Gibco BRL) are suitable for cnhuring the host cells. In addition, any of the media 
described, for exanq>le, in Ham and Wallace, Methods m F jizvmology. 44 (1979); Barnes and Sato, AoaL 

20 BifirilfllL, IflZ: 255 (1980); U.S. Patent Nos. 4,767,704; 4,657,866; 4,927,762; 5,122,469; or 4,560,655; U.S. 
Patent Re. No. 30,985; WO 90/03430; or WO 87/00195 m^ be used as culture media for die host cells. Any 
of these media may be suj^kmented as necessary with hormones and/or other growth factors (sudi as insulin, 
transferrin, aprotinin, and/or epidermal growth fiictor [EOF]), salts (such as sodium chloride, calcium, 
magnesiunu and phosphate^ buffers (such as HEPESX nucleosides (such as adenosine and thymidine), antibiotics 

25 (such as Gentamycin''^ drug), trace elements (defined as inorganic compounds usually present at final 
concentrations in the micromolar range), and ghicose or an equivalem energy source. Any other necessary 
sui^lememstfiayaisobeinchidedatappnipriateconceixtrationsthmwouldbekno art. 
The cuhureccmdhions, such as tcmp ei aau e,pH, and the Iflce, are dwse previously u selected 
for expression, and will be a^iparent to the ordinarily skilled artisan. 

30 In general, principles, protocols, and practkai techniques for maximizing the productivity of in vitro 

mammalian cell cuhures can be fiound in Mmmalian Cell Bknechnoloyv: a Practical Aotiroach. M. Butler, ed. 
(IRL Press, 1991). 

The host celh referred to in this disclosure encompass cells in tnvxr/o culture as well ^ that are 
within a host animal. 
35 * F. Detecting Gene Amplificgrion/Exprcssion 

Gene amplification and/or expression may be meanired in a sample directly, for example, by 
conventional Southern blotting, northern blotting to quamhate die transcription of mRNA (Thomas, Proc. Natl. 
Acad. Sci. USA. JJ: 5201*5205 [1980]), dot blotting (DNA analysis), or in situ hybridization, using an 
^ipropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
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commonly radioisotopes^ paiticularty ^P. However* other techniques may also be employed, such as using 
biotinHnodified nucleotides for imrodnctinn jnto a polyraicteotide. Ihebiotin thai serves as the site for binding 
to«vidinor8maiodies,whidimaybe]abeiedwidiawkievarM^ flabeis, such as radionuclides, lluorescers, 
enzymes, orthe like. Ahenmtively, antibodies may be emptoyed that can recogDizB^)ecificd^ 
5 DhU duplexes. IWAdiq^kxes. and DhU4(NA hybrid diq)lexesOT The antibodies in 

turn may be labeled and the assay xnay be carried om where the duplex is bound to a su^ 
fbnnation of duplex on tiie surface, the piesence of antibody bound to the duplex can be detected. 

Gene expression, ahematively, may be measured by nmnunologlcal methods, such as 
imroundustodxemical staming of tissue sections and assay of cell culture or body fhiids, to quantitate directly 

10 the expression of gene product With immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the gene produa 
coupled, where the Ubels are usually visually detectable, such as enzymatic labels, fluorescem labels, 
luminescent labels, and the like. A particularly sensitive staining technique suitable for use in the present 
invention is described by Hsu et a!.. Am. J. Clin. Path.. 22: 734-73S (19S0). 

15 Antibodies useful for immunohistochemical staining and/or assay of sample fhjids may be enher 

monoclonal or polyckxnal, and may be prepared in any mammal Conveniently, the antibodies may be prepared 
against a polypqytide variant as described further in Section 4 below. 
G. Purificarion of PoWpertide 

Ifthe variant is produced iniracelhilarty, as a first step, the particulate debris, ei^ host cells or lysed 
20 fragments, is removed, for example, by centrifiigation or uhrafihration; optionally, the protein may be 
concentrated wtdi a commercially available protein coocentTBtion filter, followed by separating the polypeptide 
variant from other impurities by one or more steps selected from imnumoafitnity chromatography, ion-exchange 
cohmm fractionation (eg:, on diethyiaminoediyl (DEAE) or matrices contaming carboxymediyl or sulfopropy 1 
groups), chromatography on Blue-Se^^iarose. CM Blue-Sepharose, MONO-Q, MONO-S. lentil lectin-Sepharose. 
25 WGA-Sepharose, Con A-Sepharose, Ether Toyopearl, Butyl ToyopearU Phenyl Toyopeari, or protein A 
ScphaiDse. SDS-PAGE chnnnatogrEq)hy, silica duxNnatogr^hy, chromatofocusing, reverse phase HPLC (eg., 
silica g^l wift ^jpended alqahatic groupsX gel fihraticm using, eg., Sephadex molecular sieve or size-exclusion 
chromatography, duomatogi^y on coknnns that selectively bind the polypeptide, and ethanol or ammonium 
sulfote precipitation. 

30 Recombinant polypeptide variant produced in bacterial culture may usually be isolated by mitial 

extrution from cell pellets, folkiwed by cme or more concentraticRu sahmg-out, aqueous ion-exchange, or size- 
exclusion cfaromatograi^y steps. Additionally, the recombinant polypqitide variant may be purified by affmity 
chromatography. Finally, HPLC may be employed for final purification steps. Microbial cells employed in 
expression of nucleic acid encoding the polypeptide variam may be disrupted by any convenient method, 

3 5 including freeze-thaw cycling, sonication, mechanical disruption, or through the use of cell lysing agents. 

A pnnease inhibitor sudi as methylsuifonylfiuoride (PMSF) may be included in any of the foregoing 
steps to inhibit proteolysis and antibiotics may be inchided to prevent the growth of adventitious contaminanu. 



-29- 



W09«32478 FCr/US%«)4316 

Wthin anoAer embcxiiment, siqjenu^^ 
into culture mcdhim arc fim coiicemi^ protein concentration filter, for 

examplc^anAmiconorMOliporePtmccmttta^^ F UowingiheaHiccntration step, the conccntiaic 

may be wtied to a suitable purification matrix. For examine, a suitable aflBni^ matrix may comprise a ligand 
5 fethcproiein.alectinorantiT)0(fymoleculeboun^ Atemativcly. an ankm-cxcliangc resin 

maybeemptoyed,fbrexample.amatrixorsubstratchavi^ Suitable matrices include 

acoiamidc.agarose.dcfflian,ceUulose,orotfieriype$commo^ Altematively, 
a cation-exdiange step may be empteyed. Suitable cation exdiangcrs include various insoluble matrices 
comprising sulfopropyl or caiboxymethyl groups. Sulfbpropyl grotq» are particulariy preferred. 
10 Finally, one or more RP-HPLC steps employing hydrophobic RP-HPLC media, e g,, silica gel having 

pendant methyl or other aliphatic groups, nuy be employed to fi^ 

Some or all of Ac foregoing purification steps, in various combinations, can also be employed to provide a 
homogeneous recombinant polypeptide variant 

Fermeniatiooofyeastwhichproduccthepobpeptidevarianiasasccreiedpob^^ simplifies 
X5 purification. Secreted recombinam polypeptide variam resulting from a la^ 

by methods analogous to those disclosed by Urdal ei oL, J, ChremaWg.. 22fi: HI (1984). This reference 
describes two scqucntiaL RP-HPLC steps for purification of recwnbinant human on a preparative HPLC 
cohmuL Altcmatwely, techniques sudi as affinity chromatography, may be utilized to purify the polypeptide 
variant 

20 Mammalian polypeptide variant synthesized in recombinant cuh^ 

non-human ceU components, inchiding proteins, in amounts and of a character whidi depend on the purification 
steps taken to recover the polypqrtide variant from cuhure. These components wdinarily will be from yeast 
prokaryotic or non-human higher eukaryotic origin and preferably are presoii in innocuous contaminant 
quantities, on the order of less than about 1% by weight 
25 H. rnvaignt Modificarions of Polvrxmtidfi Variants 

Covalcnt modifications of polypeptide variants are included within the scope of diis invention. They 
may be made by chemical synthesis w by enzymatic or chemical cleavage of the variant polypeptide, if 
applicable. Odier types of covalent modificaticms of Ae polypeptide variant are hitroduccd into the molecule 
by reacting targeted amino acid reskhies of the polypeptide variant with an organic dcrivatizmg agent that is 
3 0 capable of reacting with selected side chains or the N- or C-teraiioal residues. 

Cysteinyl residues most commcmly are reacted widi a-haloaceiates (and corresponding amines), such 
as chloroacctic acid or chkHoacetamkte, to give cariwxymethyl or carboxyamidomcthyl derivatives. Cysteinyl 
residues also are dcrivatized by rcacdcm with bromotrifluwoaccttmc o4)romo-P-(5-imidozoyl)propionic acid, 
chloroacetyl phosphate. N-alkyhnalennidcs, 3Hiilro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p- 
35 chloromcrcuribenzoaie. 2-chlorometcuri^»-nhrophcnol, or chkjn)-7-nitrobcn20-2-oxa-U-diazole. 

Histidyl residues are dcrivatized by reacti(m widi dicthylpyrocarbonaie at pH 5 J-7.0 because diis agent 
is relatively specific for the histidyl side chain. Para-bromophcnacyl bromkie also is useful; the reaction is 
preferably performed in 0. 1 M sodium cacody late at pH 6.0. 
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Lysinyi and amitto-tenninal residues are reacted with succinic or other caitxixylic acid anhydrides. 
Deriyatxzation with these agents has the effea f revershig die charge f the lysinyi residues* Other suitable 
reagents for derivatizing a-amino-containing residues inchide imidoesten sudi as mediyl picolinimidate, 
pyiidoxal phosphate, pyridoxaU chlmborohydride, trinitrobenzenesulfonic acid, O-methylisourea, Z4- 
5 pentanedione, and tnmsaminase-catalyzed reaction with glyoxylate. 

Aiginyl residues are modified by reactiim with one or several conventional reagents, among them 
phenylglyoxal, 23*butanedione, l,2<ycldiexanedione, and ninhydrin. Detivatization of arginine residues 
requires that the reactioD be perfonned in alkaline conditions because of the high p]^ functional 
group. Fujtfaennore. these reagents may react widi the groups of lysine as well as the aiginine epsilon-amino 
10 group. 

Tlie specific modification of tyrosyl residues may be made, with particular interest in introducing 
spectral labebimotynMyl residues ly reaction witfi aromatic diazontum compounds or te Most 
commonly, N-acetylimidizole and te uauiuom edtane are used to foim O-acetyl tyrosyl species and 3-nitro 
derivatives, respectively. Tyrosyl residues are iodinated using or "'l to prepare labeled proteins for use in 

1 5 radioimmunoassay, the chtoramine T method descnbed above being suitable. 

Carboxyi side groups (aspartyl or glutamyl) are selectively modified by reaction widi carbodiimides (R- 
N=C=»N-R'), where R and R* are different alkyl groups* such as l-cyclohcxyl-3-<2-morpholinyl-4-«hyl) 
carbodinnide or l*ethyl-3-(4-azDnia-4,4-dimetbylpenty]) carbodiimide. Furthermore, aspartyl and glutamyl 
residues are converted to asparaginyl and glutaminyl residues by reaction with ammonium ions. 

20 Glutaminyl and asparaginyl residues are frequently deamidated to the correspondmg glutamyl and 

aspartyl residues, respectively. These residues are deamidated under neutral or basic conditions. The 
deamidated form of these residues &II5 widiin the scope of diis mvention. 

Other modifications include hydroxylation of proline and tysroe, phosphorylation of hydroxy] groups 
of seryl or tlireonyl residues, mediylation of the a-amino groups of lysine, arginine, and histidine side chains 

25 (T.E Creightcm, Ppoteins: Structure and Mole cular Properties. W.H. Freeman & Co., San Francisco, pp. 79-86 
[19S3]), acetyladon of the N-terminal amine, and amidation of any C-terminal carboxyi group. 

Another type of covalent modification of the polypeptide variant included within the scope of this 
mvention comprises ahering the origmal glycosylation pattern of the polypeptide variant By altering is meant 
deleting one or more carbohj^drate moieties found in the polypeptide variant, and/or adding one or more 

3 0 glycosylation sites that are not present in the polypeptide variant 

Glycosylation of polypeptide variants is typically either N-linked or O-linked. N-linked refers to the 
attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences 
aq>aragine-X-serine and aq>aragine-X-threonine, where X is any amino acid except proline, are the recognition 
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence 

35 of eidier of these tripeptide sequences in a polypeptide creates a potential glycosytetion site. O^linked 
glycosylation refen to the attachment of one of the sugars N*aceylgalactosamine, galactose, or xylose to a 
hydroxyamino acid, most commonly serine or threonine, although 5-hydroxyproline or 5*hydroxylysine may also 
be used. 
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Addition fglyoosybtion sites to the pol)pq>tidevar^ 
ammo acid sequence sudi that it comains one <w mcie 0 

gltyoosytetion sites). The ahentioa may also be made f; or sobttitiition bygone or more serine 

or tinconinereudiies to tiie sequence of the original poly^ 
5 ease, the polypeptide variant amino acid sequence b pcfenbly altered throu^ changes at the DNA level, 
particularly by mutating the DNA encoding the polypeptide variant at preselected bases sudi tiiat codons are 
generated that wiU translate into the desired amino acids. The DNA mutation(s)miQr be made using methods 
described above. 

Another means of increasing die numbo- of carbohydrate moieties on the polypeptide variant is by 
10 chemical or en:^inaticco»q>lingofglycosides to the polypeptide variant These procedures are advantageous 
in that they do not require production of the polypqsdde variant in a host cell that has glycosylation capabilities 
for N- or O-iinked glyco^lation. Depending on the coupling mode used, the sugars) may be attached to (a) 
arginine and histidmc, (b) free carboxyl groups, (c) free sulfisydiyl groups such as those of cysteine, (d) free 
hydroxy! groups such as those of serine, threonine, or hydroxyproline, (e) aromatic residues such as those of 
15 phenylalanine, tynwinc, or tiyptojAan. or (0 the amide group of ghn These medwds are described in WO 
87/05330 published 1 1 September 1987, and in Aplin and Wriston. CBC Oil RCY. BiOChcmM PP- 259-306 
(1981). 

Removal of any carbohydrate moieties presem on the polypeptide variant may be accomplished 
chemically or enzymatically. Chemical deglycosylation requires exposure of the polypeptide variant to the 

20 compound trifhioromethanesulfoiic acid, wan equivalent compound. This treatment results in the clcav^e of 
most or all sugars except the imking sugar (N-aoe^lglucosamme or H>acetylgalactosamine), while leaving the 
polypeptide variant intact Chemical deglycosylation is described by Hakimuddin, ef a/.. Arch* BiPChan< 
BioDhvs.. 252: 52 (1987) and by Edge ei aL. Anal Bioehem.. US: 131 (1981). Enzymatic cleavage of 
carbohydrate moieties on polypeptide variants can be achieved by die use of a variety of endo- and exo- 

25 giycosidases as described by Thotakura et aL^ Mcth. Enzvmol.. 350 (1987). 

Glycosylation at potential glycosylation sites may be prevented by the use of the compound nmicamycin 
as described by Duskin etoL, J. Biol. Chem., 257 : 3 105 ( 1982). Tunicamycin blocks the formation of |HOiein-N- 
glycoside linkages. 

Another type of covalent modification of the polypeptide variant comprises linking the polypeptide 
3 0 variant to one of a variety of nonproteinaceous polymers, e.^, polyethylene glycol, polypropylene glycol, or 
polyoxyaDcyltties. in the manner set forth in U.S. Patent Nos. 4.640,835; 4,496.689; 430M44; 4,670.417; 
4,791.192 or 4,179337. 

3. Theraneutic Cnmpnsttions! Administration of Variant 

Uses of anti-CD18 variants include anti-Macl/anti-neutrophil as well as anti-LFA-1 plications. If 
35 the polypeptide variant acts as an antibody it may optionally be fused to a second polypeptide and the antibody 
or fusion thereof may be used to isolate and purify the protein to which it binds from a source such as a CD 1 1 
or CDl 8 antigen, hi anotfier embodiment, the mvemion provides a mcdiod for detecting CDl laor CD18 w vitro 
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or in vivo comprising contactmg the anti-CDl la or CD18 antibody fragment variant herein with a sample* 
espedally a senim sample, su sp e ct ed fcootaintng the CD! la or CD18 and detecting if binding has occuned. 

The poJypepCide variant herein is also suitably used in quantitative diagnostic assays as a standard or 
control against vrhkh samples containing unknown quantities of the polypeptide variant may be prepared. 
5 Thctapcutic fommlations of fee polypeptide variant for it> particular indication are prepared for storage 

by mbdng the polypqitide variant having the desired degree of parity with optional physiologically acceptable 
earners, cxctpients, orsabUizers (Remington's Phaimaecuttail Sciences. 16th edition, Oslo, A., Ed., [1980]), 
in ihe form oflyofAilized cake or aqueous sohiticms. Acceptable carriers, excipiems, or stabilizers are non-toxic 
to recipients at the dosages and concemrations employed, and include buffers such as phosphate, citrate, and 
1 0 other organic acids; antioxidants mchiding ascorbic acid; low molecular weight (less than about 1 0 residues) 
polypeptides; proteins, such as serxmi albumin, gelatm. or immunogtobulins: hydrophilic polymers such as 
polyvinylpynolidone; amino acids such as glycine, ghnamine, a spa ra gin e, arginine or lysine; monosaccharides* 
disaccharides, and other carbohydrates inchiding glucose, mannose, or dextriss: chelating agents such as EDTA; 
sugar alcohols such as mannitol or sorbitol: salt*forming counter*ions such as sodium; and/or non-ionic 
15 surfactants such as Tween, Pluronics. or polyethylene glycol (PEG). 

Typically, the polypeptide variant used in the method of this invention is fonnulated by mixing it at 
ambiem temperature at the a|;^iropriate pH, and at the desired degree of pmi^. with physiologically acceptable 
carriers, i.e.. carriers that are non-toxic to recipients at the dosages and concentrations employed. The pH of the 
formulation depends mainly on the particular use and die concentration of the variant, but preferably ranges 
2 0 anywhere from about 3 to about 8. Formutotion in a buffer at pH about 5-8 is one suitable embodiment 

The polypeptkle variant for use heremb preferably Sterile. Sterility is readily accomplished by sterile 
fdtration through (0.2 micron) membranes. The polypeptide variant ordinarily will be stored as an aqueous 
solution, although lyophiiized formulations for reccmstitution are acceptable. 

The variant composition will be formulated, dosed, and administered in a ^ion consistent with good 
25 medical practice. Factors fcR- consideration in this context include the particular disorder being treated, the 
parttoilar mammal being treated, the clinical c(mdition of the individual patient the cause of the disorder, the 
site of delivery of the agent, the mediod of administration, the scheduling of administration, and other factors 
known to medical practitioners. The "therapeutically effective amount* of polypeptide variant to be administered 
will be governed by such considerations, and, for an LFA* 1 antagonist variant is the minimum amount necessary 
30 to prevent ameliorate, or treat the LFA- 1 -mediated disorder, including treating rheumatoid arthritis, reducing 
inflammatory responses, inducing tolerance of immunostimulants, preventing an immune response that would 
resuh in rejection of a graft by a host or vice-versa, or prolonging survival of a transplanted graft The amount 
of the variant b preferably below the amount that is toxic to the host or renders die host significantly more 
susceptible to infections. 

35 As a general proposition, die initial pharmaceutically effective amount of the LFA-1 antagonist variant 

administered parcnterally per dose will be in die range of about 0. 1 to 20 mg/kg of patient body weight per day, 
widi the typical initial range of LFA-1 antagmist variant used being about 0.3 to 15 mg/kg/day. 

As noted above, however, diese suggested amounts f LFA-1 antagonist variant are subjea to a great 
deal of dier^)eutic discretion. The key factor m selecting an qypropriate dose and scheduling is the resuh 
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<rt«amcd, as iiuiicatcd above. ^ 
(Higomg and acute graft rejection f«cutc rejection, M*ichb characterized 

by a sudden decline m graft function. 

Where subsequent dosmg is tess than 100% of initial do f<ift""y 
5 dosing. TTius, for example, if the dosing regimen consists of daily injections of 2 mg/kg/day for 2 weeks 
followed by a biweekly dose of 0^ mg/kg/day for 99 days, this would m 

1.8% of the initial dose, catouteied on a daily basa fre. 2/day/100% - 0.5/14 days/ic%, x — 1 .8%). Preferably, 
the subsequent dosmg is less dian about 50%, more preferably, less dian rf)out25%, more preferably, less than 
about 10%, still more preferably, less dian about 5%, and most preferably, less dian about 2% of the initial 

10 dosing of LFA-1 antagonist variant 

To obtain the most efficacious results for die LFA- 1 antagonist variant, depending on the disorder, die 
initial dosing is given as ctose to Ae first sign, diagnosis, appcamcc, or occurrence of die disorder as possible 
or during remissions of autoimmune disorders. Preferably die initial dosing begins before exposure to antigen, 
as in die case widi transplanted grafts. Furdiermore, when die initial dosing is prior to or suostantially 

1 5 comemporaneous widi exposure to antigen, it is preferred dut die subsequent dosing is carried out tor a longer 
period of thne dian die inhial dosmg, particularly for transplants, and diat it be a continuous intermittent 
maintenance dose that need not be continuous for the life of die patient 

The prefeired scheduling for die LFA-1 antagcmist variant is dua the initial dosing (i.e., administered 
before or at die time of die undesired immune leqxmse at a dose administered no less frequently dian daily up 

20 to and mchiding continuously by infusion) and die subsequent dosing is a dose administered periodically no more 
dian about once a week. More preferably, depending on die specific disorder, and particularly for 
tran^lantation. die initial daily dosing is administered for at least about one week, preferably at least about 2 
weeks, after die exposure to antigen, e.g:, graft or initiation of an acute immune response (as in autoimmune 
disoiders), and die subsequent dosing is administered no more dian once biweekly (preferably once biweekly) 

25 ft>r at least about 5 weeks, preferably for at least about 10 weeks, after die initial dosing is terminated. 

In anodier preferred embodiment, particulariy if die antagonist variant isa Fab or (Fab% of antiCDl la 
or anti-CDl 8 antibodies, initol dosing terminates ftom about 1 day to 4 weeks after transplantation has occurred, 
more preferably fiom about 1 week to 3 wodcs,more preferably from about 2 weeks to 3 wedcs, and commences 
from about 1 week before transplantation occurs up to about simultaneously widi die transplantation. 

30 The polypeptide variant is administered by any suitable means, includmg parenteral, subcutaneous, 

intraperitoneal, inirapubnonary, and intranasal, and, if desired for local mimunosuppressive treatment, 
mtralesional administration (including perfusing or odierwise contacting die graft widi die antagonist before 
transplantation). Parenteral infusions include intramuscular, intravenous, intraarterial, intraperitoneal, or 
subcutaneous administration. In addition, die LFA-1 antagonist variant is suitably administered by pulse 

3 5 mfiiskm, particularly widi declining doses of die LFA»1 antagonist variant. Preferably die dosing of such variant 
b given by iiuections, most prefaably intravenous or subcutaneous injections, depending in part on whedier die 
administration is brief or chronic. 

The polypeptide variant herein need not be, but is optionally formulated widi one or more agents 
currently used t prevent or treat die disorder m questi n. For example, in rheumat id aidiritis, an LFA-1 
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sitagoiust variant mi^ be given in conjunctioD with a ghicoooitioostcroid. In addition, T cell receptor peptide 
dienpy is suitably an acyimctthenq)y to prevemclinicalsigra Offoer era/.. 

Science. 251: 43(M32 (1991). For transplants, the LFA-l antagonist variant may be administered concuiTently 
with or separate from an immmiosiq)pfessive agent as defined above, cyclosporin A, to modulate the 
5 immunosuppressant effect The effective amount of sudi otlier agents depends cfn ^e amount of LFA-l 
antagonist v ariant pr e s ent in the ftmnulatioa, Ae type of disorder or treatm ent, and other factors di scu ssed above. 
Ibese are genendly used in the same dosages and widi administration nKites as used hereinb^m 
1 to 99% of the heretofore emi^oyed dosages. 

The various autoimmune disorders de scri bed above are treated with LFA-l antagonist variants in such 

10 a fashim as to induce immune tolentnce to the self aiitigen under attack as a result of die disorder. InthisreganL 
autoimmune disorders resemble host versus graft rejection and are treated widi LFA-l antagonist variants in 
analogous fashion. However, in these disorders the patient is already mountirig an immune reqxmse to the target 
antigen, unlike the case witfi transplants fnior to grafting. Thus, it is desirable to first induce and mainuin a 
tnnisient state of iinmunosuppression by convemiooalmediods in such patients, eg., by the conventional use of 

15 cyclosporin A or other conventional immunosupinessive agents (alcme or together with LFA-l antagonist 
variant), or to monitor the patiem until the occurrence of a period of remissicm (an absence or substantial 
lessening of pathological or functional mdicia of the autoimmune response). 

Preferably, transient immunosuppression is induced by T cell depleticm using conventional ther^. 
This is then folbwed by the administration of die LFA-l antagonist variant in <nder to prevent rebound when 

20 the irnmuTKisuppressive inducing agent is wididrawn or when remission odiernisewouU Ahematively, 
the remission patienfs condition is closely monitored for signs of flare, and immediately upon the initial 
fimctional or biochemical q>pearance of flare the initial dosing regimen is started and continued until die flare 
subsides. The LFA-l antagonist variam administration during this period ccmstitutes die initial dose described 
elsewhere herem. 

25 In die case of autoimmune disorders die initial dose will extend about from I week to 16 weeks. 

Thereafter, die lower dose maintenance regimen of LFA-l antagonist variant is administered in substantially the 
same fashion as set forth herem for the ameUoration of graft or hosi rejection, ahhough in some instances it is 
desirable to extend die subsequem or sustaining dose for icngdiier periods than with grafts. In an embodiment 
of this invention, if an antigen or a composition containing the antigen is known to be responsible for the 

30 autoimmune response then the antigen is administered to the patiem (optionally with IL-l and/or gamma 
interfisron) after the initial LFA-l antagonist variam dose and the antagonist variant dose maintained thereafter 
in order to suppress the regeneration of an autoimmune response against the antigen while minimally 
immunosuppressing the patienfs response to other antigens. 

The patient optimally will be isolated, preferably in an aseptic environment such as is cunenUy used in 

3 5 tran^lant practice, at the time of initial treatment with LFA-l antagonist variant The patient should be free of 
any infection. It is not necessary to sustain these conditions during die maintenance dose, and in fact diis is one 
of the advantages of diis invention, Le., that die patient is able to mount a substantially nomial immune response 
to ambient antigens (other dian the graft or self antigen) while being treated vith the maintenance dosing. 
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The inventiQii herein b pvticolarly amenable to proloDging survival and increasing tolerance of 
ttansplanted grafts. The transplants are optionally functionally monitored systematically during the critical 
p os t ope rati ve period (tfiefiist three inomhs) using any suitable procedure. One such procedure is radionuclide 
ftif«w>mi« «w£vypKy ii«ftig QQTrm-pi^f^4m<>mte^ as A^crfherf hy -niimLten eiaL. Acta RfldioL 29: 13S-I40 
s (19S8). In addition, &e method herein is amenable to nmuhaneous, multiple organ perfusion and 
transphmtation. TateAwPereyra Mid MarKpfiTir Am. Surg.. 46: I61.I64Y1980V 

In some instances, it b desirable to modify the surfiice of the graft so as to provide positively or 
negatively charged groups* as by using a suitable amino acid or polymer or by attadimg a physiologically 
acceptable source of charged functional groups. For example, a negatively charged surface is appropriate for 

10 blood vessels to diminish blood clotting. It also is desirable in certain circumstances to render the surface 
hydrophobic or hydrophilic by coupling, e^., phenylalanine, serine or lysine to the surfoce. An 
unmunosuppressive agent particularly effective for these surfoce modificaticms is glutaraldehyde. 

As mentioned above, before transplantation an effective amoum of the LFA-1 antagonist variant is 
optionally administered to induce tolerance of tiie graft The same dose and schedule as used for initial post- 

1 5 tran^lantation may be employed. Furthermore, prior to nansplantation the graft is optionally contacted with 
a TGF-P composhion as described in U.S. Pat No. 5,135,915, the disclosure of which is incorporated by 
reference. Briefly, the contact suitably involves incubating or perfusing the graft Motii the composition or 
applying the composition to one or more surfoces of die graft The treatment generally takes place for at least 
one minute, and prefierably from 1 mmute to 72 hours, and more preferably from 2 minutes to 24 hours, 

20 depending on such &ctors as the concentration of TGF-p in the formulation, the graft to be treated, and the 
particular type of fomiulation. Also as noted, the graft is simultaneously or separately perfused with LFA- 1 
antagonist variant Perfusion is accomplished by any suitable procedure. For example, an organ can be perfused 
via a device that provides a constant pressure of perfusion having a pressure regulator and overflow situated 
between a pump and the organ, as described by DD 213,134 published Sept. 5, 1984. Ahematively. the organ 

25 is placed in a hypertmric chamber via a sealing doOT and perfusate is delivered to the chamber by a pump that 
draws the fhiid from the reservoh' while spent perfusate is returned to the reservoir by a valve, as described in 
£P 125,847 published Nov. 21, 1984. 

After the graft is treated, it is suitably stored for prolonged periods of tone or is used immediately in 
the transplant procedure. Storage life can be enhanced as described above by using a blood substitute in the 

30 fonnutetion (eg., perfhiorochemical emulnon), or by perfitsmg &e graft with a formulation of a TGF-P 
containing chilled isotonic agent and anticoagulam followed by glycerol to allow for freezing of removed organs 
widi no destruction of the cells, as described in JP 60061501 published April 9, 1985. In addition, the organs 
can be preserved whh known perfusicm fhuds (containing TGF-p and/or LFA-1 antagonist as noted) while the 
organs are cooled to freezing temperatures, to preserve the organ semi-permanoitly whhout cell necrocytosis, 

35 as described by U.S. Pat Nos. 4,462,215 and 4,494^85. 

Respecting cardiac transplants specifically. Parent et oL^ Cfyobiologv. ifi: 571-576 (1 98 1 ) reports that 
cold coronary perfusicm prior to tran^hmtatioo at 5*C increases protection of the homograft during the initial 
period of implantation. Any fthese procedures, or others, are widiindi scope of this inventi n if deemed 
necessary for graft preservation. 
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Before traniptantition, the grift biacftfri)ly washed free fihe TGF-pcomposttioiu as by soaking h 
in a pbyswk^cal saline solutioo or by other means appropr^ It is noc desirable to remove 

theLFA-1 antagonist variant prior to transplamarion, 

•Also, prior to transpiantatiao, the host is optionally given one or mere dcmor-specific blood transfusions 
5 to aid in graft survival An alternative procedure is to siibject the host to total tymi^oid irradiation priori^ 
after the transptentation operation. Any other pre-transplam procedures that would be beneficial to the particular 
transplant redpiem can be perfomed as pan of the method of this invention* 
4. Antibody Preparation ^where Variant is Antibodv-Klerived^ 

(i) Starttnp Materials and Methods 

10 Immunoglobulins Gg) and certain variants titereof are known and many have been prepared in 

recombinant cell cutotre. For example, see U.S. Patent No. 4,745,055; EP 256,654; £P 120,694; £P 125,023; 
EP255«694: EP 266,663; WO 8S/03559; Faulkner er oil, Ua&io, 2^: 286(1982); Mwrison, J. Immun.- }21: 
793 (1979); Kochler^^, Proc. Natl. Acad Sci, USA. 77: 2197 riQgOV Rasogf a/. Cancer Res . 41: 2073 
(1981); Mofrison gf fl/:. Ann. Rev. ImimmoL. 7i 239 ( 1984); Morrison, SsiSQC& 222: 1202 (1985); and Morriscm 

15 etal., Proc. Natl Acad. Sci. USA. £1: 6851 (1984). Reassorted immunoglobulin chains are also known. See. 
for example, U.S. Patent No. 4,444,878; WO 88/03565; and £P 68,763 and references cited therein. The 
immunoglobulin moiety in the polypeptide variants of the present invention may be obtained from lgG-1, lgG-2, 
IgG-3, or IgG-4 subtypes, IgA, IgE, IgD, or IgM, but preferably from IgG-1 or lgG-3. 

(ii) Polyclonal antibodies 

20 Polyclaoal antibodies are generally raised in animals by muhiple subcutaneous (sc) or imraperitpneal 

(ip) injections of the relevant antigen and an adjuvant It may be useful to conjugate the relevant antigen to a 
protein that is inununogenic in the species to be immunized, eg^ keyhole limpet hemocyanin, scnnn albumin, 
bovine thyroglobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent, for example, 
maleimidobenzoyl sulfbsucctnimide ester (conjugation through cysteine residues), N-hydroxysucctnnnide 

25 (through lysine residues), glutaraldefayde, succinic anhydride, SOCl,, or R*NK:=Klt where R and R' are 
different alkyl groups. 

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining 1 
mg or 1 |ig of the peptide or conjugate (ftn* rabbits or mice, respectively) with 3 volumes of Fretmd*s omiplete 
adjuvant and injecting the solution intradennally at multiple sites. One month later die animab are boosted with 

30 1/5 to 1/10 the original anMuntofpeptide or omjugate in Freund's complete ad^ subcutaneous injection 
at muhiple sites. Seven to 14 deleter the animals are bled and the serum is assayed for antibody titer. Animals 
are boosted until the titer plateaiB. Inferably, the animal is boosted vnth the ccmjugateofdie same antigen, but 
ccmjugated to a differem protein and/or thnMgh a different cn)ss-linking reagent Conjugates also can be made 
in recombinant cell culture as protein fusions. Also, aggregating agents such as alum are suitably used to 

3 5 enhance the immune response. 

(iii) Monoclonal antibodies 

Monoclonal antibodies are ctoined from a population of substantially homogeneous antibodies, te, 
the individual antibodies comprising the population are identical except for possible nanirally occurring 
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mutatloDStto may be iMcscntm minor amoonts. Thus, the modifier "m ono dor mr indicates die cfaaracter of the 
antibody as not being a mixture of discrm antibodies. 

For example, the mooockKial antibodies may be made umg tiie fayMdom 
Kohter and Milstein, IiflQU£>22fi: 495 (1975). or may be made by recombhiant DNA methods (Cabilly ef a/., 
5 n^mi). 

In the bybridoma mediod, a omuse or odier apfnnopiate host anh^ 
as hereinabove described to clidt lymphocytes tiiat produce or are capable of producing antibodies diat will 
specifically Wnd to the jHOtein used immunization. Aheraatively, lymphocytes may be inmiunizcd w vitro. 
Lymphocytes then arc fused with myeloma celb usmg a suitable fusing agent, such as polycdiylcnc glycol, to 
10 « hyhriAvn* /finding Monoclonal A ntihndiMr Princmles and Practice. ppJ9-103 [Academic Press, 

1986]). 

The hyforidoma cells thus prqured are seeded and grown ma suitable culture medmm that preferably 
contains one or more substances that inhibit the growth or airviv^ For 
example, if the parental myeloma cells lack die enzyme hypoxanthine guanine phosphoribosyl iransfcrasc 
15 (HGPRT or HPRT), the cuhure medhnn for the hyhridmnas typically wUl include hypoxanthine. aininopterin, 
and tiiymidine (HAT medium), which substances prevent the growth of HGPRT^cficient cells. 

Preferred myctoma cells are those Aat fiisc efficiently, support stable high-level production of antibody 
by the selected amibody-producing cells, and are sensitive to a medhnn such as HAT medhun. Among these, 
preferred myeloma cell lines are murine myeloma Imes, such as those derived fiom MOPC-21 and MPC-1 1 

2 0 mouse nnnors avaitole fiom the Salk Instimte CeU Distribution Center, San Diego, California USA, and SP-2 

cells available fiom die American Type Culture Collection, Rockville, Maryland USA. Human myeloma and 
mouse-human hctcromyeloma cell lines also have been described for the production of human monoclonal 
antibodies (Kozbor, J. Immunol.. 133 : 3001 f 1984]; Erodeuref />/ Monoclonal Antibody Production Techniques 
and Applications, pp. 51-63 [Marcel Dddcer, Inc., New York, 1987J). 
25 Culture medium in which hybridoma cells are growmg is assayed for production of monoclonal 

antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced 
by hybridoma cells U determined by immunoprecipitation or by an w vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-linked inmiunoabsorbent assay (ELISA). 

The binding affinity of the monoclonal antibody can, for example, be detennmed by the Scatchard 

3 0 analysis of Munson and Pollard, Anal. Biochem.. iffiZ: 220 (1 980). 

After hybridana cells are identified tfiat produce antibodies of the desired specificity, affinity, and/or 
activity, die clones may be subcloned by linuting dihiti<m procedures and grown by standard mediods (Coding, 
supra). Suitable cutaire media fortius purpose inchide,fOT example, D-MEM or RPMl-1640 medium. In 
addition, the hyMdoma cells may be grown in vivo as ascites tumors in an animal 
35 The monoclonal antibodies secreted 1^ die subclones are suitably separated from tije culture medium, 

ascites fluid, or serum by conventional immunogtobulin purification procedures such as, for example, protein 
A-Sepharose, hydroxyl^titc chromatography, gel electrophoresis, dialysis, or affinity chromatogi^>hy. 

DNA encoding die monoctonal antibodies is readily isolated and sequenced using conventional 
procedures (fc^., by using Itgonuclcotide probes that arc capable f binding specifically to genes encoding die 
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hesvy and U^t chains f murine antibodies). Iliefaybridoma cells serve as a prefcned source of such DN A. 
Once isolated, the DNA may be placed into cxpiession vectors, which are then transfected into host cells such 
as £ eoii cells* simian COS ceQs, Qiinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise 
produce immunoglobulm jmxim, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. 
5 Review articles on recombinant cxpiessioa in bacteria of DNA encoding tiieantflxxiy include Skerra era/., Qol 
Qpmion m hrn nimoL- 5: 2^7£7 nQ03^ and Plflektfami- Immtmfll Revs.. 130: 15M88(1992). 

In a further embodiment, axitflxKiies or antibody fiagmeots can be tsol^^ 
generated using the techniques described in McCaffoiy etoL^ HaJStt^ 552-554 (1990), using the proper 
antigen such as CDIla,CD18,IgE, or HER*2 to select for a suitable antibody or antib^ Clackson 

10 erdL, Uma. 222: £24-628 (1991) and Maries era/., J. Mol. Bio!.. 222: 581*597 (1991) describe the isolation 
of murine and human antibodies, respectively, using phage libraries. Subsequent publications describe the 
ynroduction of high affinity (nM range) human antibodies by chain shuffling (Mark er a/., Bio/Technology. Jfi: 
779*783 ( 1 992]). as well as combinatorial inSxtion and in vivo recmbinatiaii as a strategy for constructing very 
large phage libraries (Waterhouse et a/., Nuc. Acids. Res.. 21: 2265*2266 [1993]). Thus, these techniques are 

15 viable alternatives to traditional immoclonal antibody hyMdoma techniques for isolation of "monoclonal** 
antibodies. 

The DNA also may be modified, for example, by substituting the coding sequence for hunum heavy- 
arid light-chain constant domains in place of the homologous murine seqiKnoes (Cabilly et oL^ suprfr^ Morrison, 
er a/., Proc. Nat Acad. Sci.. £1: 685 1 [1984]), or by covakntly joining to the immunoglobulin coding sequence 

20 all orpart of die coding sequence for a non*irrununoglobulin polypeptide. 

Typically such nor>-immunoglolHilin polypeptides are substituted for die constant domains of an 
antibody, or they are substituted for the variable domains of one antigen-combining site of an antibody to create 
a dumeric bivalent antibody ccmiprising (me antigen-combining site having specificity for an antigen and another 
antigen^ombining site having specificity for a different antigen. 

25 Chimeric or hybrid antibodies also may be prepared in vitro using known methods in synthetic protein 

chemistry, including those involving crosslinking agents. For example, inununotoxins may be constructed using 
a disulfide-exchange reaction or by formmg a thioedier bond. Examples of suitable reagents for ttiis purpose 
include iroinothiolate and methyl*4*merc^tobutyrimidate. 

For diagnostic applications, the variants herein derived firom antibodies typically will be labeled with 

30 a detectable moiet>'. The detectable moiety can be any one which is capable of producing, eitho- direaly or 
indirectly, a detecuble signal. For example, die detectable moiety may be a radioisotope, such as ^H, '^C, ^^P, 
<»* '^1; a fluorescent or chemiluminescent compound, such as fluorescem isodiiocyanate, rhodamine, or 
luciferin: radioactive isotopic bibels, such as, eg.. '^1, ^^P, '*C, or or an en^nne, such as alkaline 
phosphatase, beta-galactosidase, or horseradish peroxidase. 

3 5 Any method known in the art for separately conjugating the polypeptide variant to the detectab le moiety 

may be employed, including those metiiods described by Hunter et al.^ tiatus. IM: ^5 (1962); David et al.. 
Biochemistry, 1014 (1974); Pain ef oil, J- Immimol Meth.. 219 (1981); and Nygren, J. Histochem. and 
CacCtalUifi: 407 (1982). 
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(IV) Humaaiad md human antibodiK 

Methods for hummiring mm^human antibodies are well known in the art. Generally, a humanized 
antibody has one or more amino add residues imrcxhiced into it fiom a souiceti^u^ 
human amino add residues are often refinred to as "import" residues^ 
5 variable dcRuain. HirnianiTwriop can be cssentiaily perfbnned following the method of Winter and co-woricers 
(Jcmes ei al,, Hmo. 321: 522-525 [1986]; Riedmiann er dL« Hmo. 332: 323-327 [1988]; Veihoeyen et al,, 
Scifinu 222: 1534-1536 [1988]), by subsdniting rodent CDRs or CDR sequences for the corresponding 
sequences ofa human antibody. Accordingly, mcfa "humianizrd* antibodies are chimeric antibodies (Cabilly et 
a/., supraX wherein substantially less than an intact human variable domain has been substituted by the 
10 conesponding sequence from a non-human qiedes. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues are substituted by residues from 
analogous sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the humanized 
antibodies is very importam to reduce antigenicity. According to the so-called "best-fit** method, the sequence 
15 of the variable domain ofa rodent antibody is screened against the entire libraiy of known human variable- 
domain sequences. The human sequence whidi is closest to that of the rodent is then accepted as the human 
framework (FR) for the humanized antibody (Sims & al„ J. Immunol.- J[^: 2296 [1993]; Chodiia and Lesk, L 
MfiLBifiL 186:901 [1987D. Anodiermediod uses a paiticular fiamewofk derived from the consensus sequ e nce 
ofallhumanamibodiesofaparticularsubgnnq>ofUghtorheavycfaains. The same fr8mew<Hk may be used for 
20 several different humanized antfeodiesfCaiterg/fli^. Proc. Nari Acad. Sci. USA. 89: 4285 [1992]; Presta ei al., 
y Immnol , j^: 2623 [1993]). 

It is further important that antibodies be humanized wids retentt<m of high af&iity for the antigen and 
odier favorable biological pr(^)erties. To achieve diis goal, according to a preferred method, humanized 
antibodies are prq>ared by a process of analysis of the parental sequoices and various conceptual humanized 
25 products using three-dimensional models of the parental and humanized sequences. Three-dimensional 
immunoglobulin models are commonly available and are ^miliar to those skilled in the art. Computer programs 
are available whidi iUustrate and display probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these dispbys permits analysis of the likely role of the 
residues in the functioning of the candidate immunogk)bulin sequence, ie., the analysis of residues that influence 
30 the ability of the candidate inmiunoglobulin to bind its antigen. In diis way, FR residues can be selected and 
combined from the consensus and import sequences so that the desired antibody characteristic such as increased 
affinity for the target antigen(s), is achieved, in general, the CDR residues are directly and most sibstantially 
involved in influencing antigen binding. 

Alternatively, it is now possible to produce nansgenic animals (e.^., mice) that are capable, upon 
3 5 immunization, of producing a fiill repertoire of human antibodies in the abseiKe of endogenous immunoglobulin 
productkm. For example, it has been described that the homoQ^gous deletion of the antftKxly heavy<hain joining 
region (Jh) gene in chimeric and genn-line mutant mice results in omsplete inhibition of endogenous amibody 
production. Transfer of die human genn-lin immunoglobulin gene array in such germ-line mutant mice will 
result in the production f human antibodies upon antigen challotge. See,eg., Jak bovits gra/.. Proc. Natl. 
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Acnd. f^"' Uf^A, SS: 2551-255 (1993); Jakobovits er aH, ]!btUK& 3St 255-258 (1993); Bruggennann er dl, ]^ 
iDiBUBUDQ»Z:33(1993). Hunianama»dies can also be produced mphage^ 

Wmter. J, Mo! BioL, 727: 381 (1991): fAak^etoL. L Mol. Biol.. 222: 581 [1991]). 

(V) Biapttificmtihg&a 

5 Bispecific antibodies (BsAbs) are antibodies dot have binding specificities for at lea^ two different 

antigens. BispeciSc antibodies can be derived fnnn full leng& antibodies or antibody fragments (eg. F(ab*)2 
biq)ecific antibodies). 

Methods for making bmpcdfic antibodies arc known in the art Traditional production of fiill length 
bispecific antibodies is based on the co expr e ssi on of two immunoglobulin heavy cham-iigbt cham pairs, where 

10 the two chains have difRocnt specificities (Millscein and CueUo, Ita&a£> 2112: 537-539 [1983]). Because of the 
random assortment of immunoglobulin heavy and light duiins, these l^Mdomas (quadromas) produce a potential 
mixture of 10 diffmnt antibody molecules, of which <mly one has the correct bispecific structure. Purification 
of the corrtct molecule; which is usually done by affinity chromatography steps, is rather cumbersome, and the 
product yields are low. Similar procedures are disclosed m WO 93/08829, published 13 May 1993. and in 

15 Traunecker ei dL. EMBOJ.. Jfi: 3655-3659 (1991 ). 

According to a differtnt and more preferred approach, antibody variable domains with the desired 
binding specificities (antibod|y-antigen combining sites) are fiised to immunogk>bultn constant domain sequences. 
The fusion preferably is with an immunoglobulin heavy chain constant domain, comprising at least part of the 
hinge, CH2, and CH3 regioiis. It is prefe rre d to have the first heavy-cfaain constant regi on (CH 1 ) contain ing the 

20 site iiecessary for light chain bindir^ present in at least one of the fusions. DNAs encoding the immunoglobulin 
heavy chain fusions and, if (fesired, the immunoglobulin light chain, are inserted into separate expression vectws, 
and are co-transfected into a suitable host organism. This provides for great flexibility in adjusting the mutual 
proponions of the three polypeptide fragments in embodiments when unequal ratios of the three polypeptide 
chains used in the construction provide the optimum yields. It is, however, possible to insert the coding 

2 5 sequences for two or all three polypeptide chains in one expression vector when the expression of at least two 

polypeptide chains in equal ratios results in high yields or when the ratios are of no particular significance. 

In a preferred embodiment of thb apiHoach, the bispecific antibodies are composed of a hybrid 
inununoglobulin heavy chain with a first bmdtng specificity in one arm, and a hybrid immunoglobulin heavy 
chain-light chain pair (providing a second bixxiing specificity) in the other arm. It was found that this asymmetric 
30 structure facilitates the separation of the desired bispecific compound from unwanted immunoglobulin chain 
combmations, as the presence of an iinmuxu>globulin light chain in only one half of the bispecific molecule 
provides for a focile way of sq>aration. This apinoach is disclosed m WO 94A)4690 published March 3, 1994. 
For further details of generating bispecific antibodies see, for example, Suresh et a!,. Methods m Enzvmologv. 
121:210(1986). 

3 5 Bispecific antibodies mckide cross-linked or '%eteroconjugate'* antibodies. For example, one of the 

antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies have, for 
example, been froposed to target inmiune system cells to unwanted cells (US Patent No. 4,676,980), and for 
treannent of HIV infxtion (WO 91/00360, WO 92/200373, and EP 03089). Heteroconjugate antibodies may 
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be made using any oonvaiicmcioss^lin^ Suitable cross-linking agents are wdl known in the an, 

and are disclosed in US Patent N . 4,676,980, along wiili a ninnbcr of cross-linking techniqi^ 

Techniques ft* uncrating Kqiedfic antibodies from anti^ 
the literature. For example. biq)ccific antibodies can be prej»rcd using cheniicd BrennancfoL. 
5 Science. 229: SI (1985) describe a procedure wfaoein imact antibodies are proteolytically cleaved to generate 
F(ab')2 fiagments. These fiagments are reduced in Aepresemw of Aedidiiolcc^ 

to stabilize vicinal dithiob and prcveminterrooleculardisul^ The Fab' ftagmcnts generated arc 

tiicn converted to thioniiiobcnzoaie(TNB) derivatives. One oftheFab'-TNB derivatives is then reconverted to 
die Fab'-thiol by reduction witii mercapoediylamine and is mbced^ an equimolar amount of the other Fab'- 
10 TNB derivative to forai the BsAb. TlieBsAbs produced can be used as agents for the selective immobilization 

of en^mes. 

Recent progress has facilitated die direct recoveiy of Fab'-SH fragments from E, coli which can be 
chemically coupled to fomi bispecific antibodies. Shalaby et oL. I FrXP. Mcd„ 12$: 21 7-225 (1992^ describe 
the production of a fiiUy humanized BsAb ¥(s^% molecule. Each Fab' fragment was separately secreted from 
15 £:co/i and subjected to directed chemical cotq)lingOTVj^ The BsAb tiius formed was able 

to bind to cells overexpressing the HER2 receptor and normal human T cells, as well as trigger the lytic activity 
ofhuman cytotoxic lymphocytes against human breast mmor targets. See also Rodrigues et al„ Int, Canccrs* 
(Suppl.) 2: 45-50 (1992). 

Various techniques for makmg and isotating BsAb fragments directly from recombinant cell culture 
20 have also been described. For example, bispecific F(ab')2 heterodimers have been produced using leucine 
zippers. KostelnyeraJ:,iJmmunttLJ4K5): 1547-1553(1992). The Iwicine zipper peptides from the Fos and 
Jun proteins were linked to the Fab* portions of two different antibodies by gene fiision. The antibody 
homodnners were reduced at the hinge region to form monomers and then re-oxidized to form the antibody 
heterodimers. Tlif "dinfrmly" trrhn^'^ a^^^-k^ Ky Mniimpi^ ^ nl Pmc Natl Acad. Sci. fUSA), 90: 6444- 
25 6448 (1993) has provided an alternative mechanism for making BsAb fragments. The fragments comprise a 
heavy-diain variable domain (V„) connected to a light-chain variable domain (Vj by a linker which is too short 
to allow pairing benveen the two domains on the same chain. Accordingly, the V„ and domains of one 
fragmem are forced to pair widi die complementary and V„ domains of anodier fragment, thereby forming 
two antigen-binding sites. Anodier strategy for making BsAb fragments by die use of single<hain Fv (sFv) 
30 dimers has also been reported. See Gruber cr oA, J TmTnimnl.. 152: 5368 (1994). TTiese researchers designed 
an antibody which comprised die V|, and Vl domains of a first antibody joined by a 25-amino-acid-fesidue linker 
to die Vh and domains of a second antibody. The refolded molecule bound to fluorescein and the T- cell 
receptor and redirected the lysis of human tumor cells diat had fluorescein covalently linked to their surface. 

5. Uses of Antihndy Variants 

35 Variant antibodies are useful m diagnostic assays for an antigen of interest, e^., its production in 

specific cells, tissues, or scrum. The variam antibodies are hteled in die same fwhion as described above and/or 
are immobilized on an insoluble matrix. In one embodiment of an antigen-binding assay, an antibody 
compositiOT Uiat binds to die antigen is immobilized on an insoluble matrix, the test sample is contacted with 
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the tmmobilized wiant antibody co nip o »hk m to adsorb the utigen, and dien tb tiiiin(4>Qized antigen is 
contacted with variant antibodies specific for the antigen, as decennined by unique labels such as discrete 
fhKHophoRSorthelike. By detennining the presence and/or amoumofeadi unique label die relati^ 
and amount of the antigen can be detennined. 
5 The variant antibodies of this invoition are also useful in passively immunizing patients. 

The variant andbodks also are useful for the affinity purification of an antigen of interest from 
recombinant cell culture or natural sources. 

Suitable diagnostic assays for an antigen and Its variamantft)odies are well to^ Inadditicm 
to the bioassays described in the examples below wherein the candidate variant is tested to see if it has 
10 qipropriate biological activiiy and increased half-life, competitive, sandwidi and steric inhibition immunoassay 
techniques are useful, lite competitive ami sandwidi mediodsempkiy a phase-sq>arationstq) as an integral p^ 
of die mediod while steric inhibition assays are conducted in a single reaction mixture. Fundamentally, die same 
procedures are used for the assay of the antigen and for substances that bind the antigen* although certain 
methods will be fiivored dqiending upon the molecular weight of the substance being assayed. Therefore, the 
15 substance to be tested u refened to herein as an analyte, ineq>ective of its status otherwise as an antigen or 
variant antibody, and proteins that bind to the analyte are denominated binding partners, whether they be 
antibodies, celi-surfifice receptors, or antigens. 

Analytical methods for the antigen or its variant antibodies all use one or more of the following 
reagents: labeled analyte analogue, immobilized analyte analogue, labeled binding parmer, immobilized binding 
20 partner, and steric conjugates. Tlie labeled reagents also are ioiown as *tacers.'* 

InunobiUation of reagents is required for certain assay methods, bnmobilization entails separating the 
binding parmer from any analyte that remains free in solution. This convoitiooaliy is accomplished by either 
insolubilizing the binding partner or analyte analogue before the assay procedure, as by adsorption to a waer- 
insoluble matrix or sur&ce (Bcnntch a al,, VS. Patent No. 3,720,760X by covalent coupling (for example, using 
25 ghitaraldehyde cross-linking), or by insolubilizing the parmer or analogue afterward, eg., by 
mununoprecq)itation . 

Other assay methods, known as c omp e titi ve or sandwk:h assays, are well established and widely used 
m die commercial diagnostics industry. 

Competitive assays rely on the MMty of a tracer anak>gue to compete with the test sample analyte for 
30 a limited number of binding sites on a cocmncm binding partner. The binding partner generally is insolubilized 
before or after the competition and then the tracer and aiuUyte bound to the binding partner are separated from 
the unbound tracer and analyte. Ibis separatkm is aconnplished by decanting (where the binding partner was 
preinsolubilized) <»> by centrifuging (where the binding partner was precq)itated after the competitive reaction). 
The amount of test sample analyte is inversely proportional to the amount of bound tracer as measured by the 
35 amoum of marker substance. Dose-Response curves witfi known amounts ofanalyte are prepared and compared 
wxdi the test results to quanthatively determine the amount of analyte present in the test sample. These assays 
are called ELISA systems when enzymes are used as the detectable markers. 

An ther species f competitive assay, called a "homogeneous** assay, does not require a phase 
separatioit Here, a conjugate of an enzyme widi the analyte is prepared and used such that when anti-analyte 
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binds to the analyte the presence of the anti-aiialycemod^ In this case, the antigen or its 

immtinologically active fragmcftts are conjugated with a bifunctional mganic bridge to an enzyme such as 
penxxtdase. Ccmjugates are selected for use widi8ntiix>lype{it^ ftheanti*polypeptide inhibits 

or potentiates the enzyme activi^ of the U)eL This metfaodperse is widely practiced under the name fEKOT. 
5 Stcriccoiyugates are iised in steric hindrance metfiods for homogeneous assay. These conjugates are 

synthesized by covalently linking a low-molecular-wei^ ha|^ to a small analyte so that antibody to hapten 
substantially is unable to bind the conjugate at the same time as anti-analyte. Under this assay procedure Ae 
analyte present in tiie test sample wiU bind anti«analyte« therd>y allowing anti^iapten to bind the conjugate, 
resuhing in acfaange in the chaFBCter of die conjugate h^Aen, eg., a change in fhiorescence when the hapten is 
10 a fluorophOTe. 

Sandwich assays paiticularty are useful for the determination of polypqstide variants or polypeptide 
variam antibodies. In sequential sandwich assays an inunc^nlized binding partner is used to adsorb test sample 
analyte, the test sample b removed as by w8shmg» the bound analyte b used to adsorb labeled binding partner, 
and bound material b then separated from residual tracer. The amount ofbound tracer is directly proportional 
15 to test sample analyte. In "simultaneous** sandwich assays the test sample b not separated before adding the 
labeled binding partner. A sequentnl sandwich assay using a monoclonal antibody as one antibody and a 
polyclonal antibody as the other b useful m testing samples for antigen activity. 

The foregoing are merely cxerophuy diagnostic assays for the po^peptide variant and variant 
antibodies. OthermeihodsnowcH'herBaflerdevelopedfbrdiedeterminationoftheseanalytesare^^ 
20 the scope hereof, inchiding the bioassays described above. 

Thefolkiwingexamplesareofferedbyw^ofilhistrationandnotbywayoflimi^ The disclosures 
of all citations in the specification are expressly mcorporated herein by reference. 

EXAMPLE! 

MEmQQS 
25 Piaanid Conaniction 

The template plasmid, pHSZ used for constntcting die Fabs (hereafter referred to as Fab) employed in 
tfab example was (ferived from the plasmid pB0475 described by Cunningham et oL. Science 243 : 1330-1336 
(1989). Two&mHI sites flanking the Fl origin were removed from pB0475 and DNA coding foranti-CD18 
Fab HS2, version OZ (Eigcnbrot er aH, Proteins. 49-62 [1994]) was substituted for DNA coding for human 
30 growth hormone using the £coRV and ^A/ sites. Hence, pH52 contains DNA coding for anti-CD 18 Fab HS2 
(version OZX the STU signal peptides of the light and heavy drain, the alkaline i^osphatase promoter region, 
an M13 helper phage r^ion. and ampicillin*re$istance. Fab variants were consQvcted by Kunkel mutagenesb 
(KunkeL Proc. Natl. Acad Sri. U S A .82 : 488-492 [1985]) of pH52 using die following oligonucleotides: 

oligo VIA 5* GTGACCGTGCCTCACCAGAGCTTGGGCAC3* (SEQ ID NO: 12) 
35 changes Serl95-Serl96 to Hbl95-Glnl96 

oligo VIB S'TGGCACCCTCCCCTAAGAACTCGAGCATGATCAGC- 
AACACACCGGCCCTGGGC3* (SEQ ID NO: 13) 
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changes Scrl27-Ser*Ly»-Ser*Thr-Ser-Gly-Gty-T1ir-Aift-Alal39 (SEQ ID NO: 14) 
to Serl27-l^Lys-AsiHSer-Ser-Met-ne-Ser-Asn-11ir-Pn>-Alal39 (SEQ ID NO: 15) 

oligaVlC 5*TXK;CACCCTCCAAATCGAGCATCACAGCGGCCCT3'(SEQm 16) 
changes SerI27-Scr-Lys-Ser-Thr-Scr-Giy-Gly-TTirl37 (SEQ ID NO: 17) 
5 to Serl27-Lys-Scr^.Ilc-nirl37 (SEQ ID NO: 18) 

oligo V2 9 TGGTGACCGTGATCTXXiAGCCACTTGGGCCAGCAGACCT (SEQ ID NO: 19) 

changes Vall93-PrD-Scr-Ser-Scr"Leu-Gly.Tlir-Gln203 (SEQ ID NO: 20) 
to Vall93-Ile-Ser.Ser-Hi5-Leii-Gly-Gln^]n203 (SEQ ID NO: 21) 

Amino acid residue numbers are according to the ninnbering system descnbed in Kabat et a!. . supra, 
10 NfHPubl No,91-3242. VoL 1. pages 647-669 (1991). 

Fab vl incorporated oligos VIA and VIC: Fab vlb incorporated oligos VIA and V1B; Fab v2 
incorpofated oligo V2. Plasmids coding iat Fab vl. Fab vlb, and Fab v2 were selected and the DNA sequences 
checked using dideoxynucleotide sequencing (Sequenase^ protocol United States Biochemical). F(ab*)2 
constructs were made by inserting DNA coding for the IgGl hinge region followed by a 'leucine zipper' at the 
15 C-tenninus of the H52 heavy constant domam. The inserted amino acid sequence was: 

CPrcPAPELUSG W^KQI^KVEELLSKNYHLENEVARU^ (SEQ ID NO: 22). 

Another set of Fab visions is based on Fab vlb, ie. the variant which showed longer half life, using 
the following oligonucleotides: 

oligo VID 5* TCGAGCATGATCTCTAGAACACCGGCCC3' (SEQ ID NO: 23) 
20 changes Asnl 36 to ArgI36 

oligo VIE 5' GCCTCACCAGAACCTAGGCACCAAGACCTACATCTG3' (SEQ ID NO: 24) 
changes Ser]97 to Asnl 97 and Ghi203 to Lys203 

oligo VI F 5' GCCTCACXL\GAACTTAAGCGACGGAAAGACCTACATCTCC3' (SEQ ID NO: 25) 
changes GbiI96-Ser-Leu-Gly-Thr-Gb-Thr204 (SEQ ID NO: 26) 
25 to Gbi 196-Asn-Leu-Ser-Asp-Gly-Lys-Tlir204 (SEQ ID NO: 27) 

oUgo VIG f GCCTCACCAGAATATTACAGATGGCAAGACCTACATCTGC3- (SEQ ID NO: 28) 
changes Gta 196-Ser-Leu^Iy-Thr-Gln.-nir204 (SEQ ID NO: 29) 
to Ghil96-Asn-Ile.Ser-Asp-Gly.Lys-Thr204 (SEQ ID NO: 30) 

Fab v3 incorporates oligo VID; Fab v4 incorporates oligo VIE; Fab v5 incorporates oligo VIF; and Fab v6 
30 incorporates oligo VIG. 
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Fmmmii f^"*'* f^ir,o ttm v«rimt> 

For each variant, ptasnid DNA was oansfiBnned into £«rft Th» transftwiMnts were then plated on 
Ijnia Broth 0^) plates comaiaing 5 pgtoLcarbenicaim A single colony was 

inocalaiediHto5Bd.lLB+S|igtoLcarbenicillinJandg(^ TheS^cutairewasthen 
s added to 500 n»L APS inintmal media in a 2-L baffled flask and i^ownfiw 16 h^ 

APS minimal media is made as follows: Perliiterisadded lJgghicose(Sigma™G-702I),2^g 
casamino adds teefanicai (Difco** 0231-01-OX 0 J gyeasi ocuact certified (Difco*' 01274)1-7). 0.19 g MgSO^ 
anhydrous or 0J94 g MgSO4.7H,0 (Sigma^ M2773), 1.07 g ammonmm chloride (Sigma™ AM34). 0.075g 
KQ (Sigma™ P5405). 4.09 g NaCI (Sigma™ S3014). 120.0 mL of IM triedianolamine pH 7.4, qs to 1.0 L 
10 Super-Q™ Water, as weU as I M triethanolamine pH 7.4 consisting of 13321 mL triethanolamine. Liquid 
(Sigma** T1377) and 950 mL Super-Q~ Water.pH to7.4 widi Ha(MaIlinckrodt™2612X qs to 1.0 L Super- 
Q™ Water. TTus is filtered through a 0.1 pmSealkleen™filterand stored at 2-S*C. The expiration period is 
6 nuHXtfas. 

The cells were spun ina l-Lcennifiige bottle at 3000 ipm for 30 minutes, the supeinatant was decanted 
IS and the pelleted cells were fiozen fori hour. TTie pellet was resuspended in 10 mL of cold TE buffer (10 mM 
TRIS. 1 mM EDTA, pH 7.6) with 100 (iL 0.1 M beniamidine (Sigma) added. The resuspended pellet was 
^itatedon icefor 1 hour, spun at 18.000 ipm for 15 minutes, and the supernatant decanted and held on ice. 

The siq)eraatam was then passed overaProteinC^SephaPOse™Fast Flow (Phaimacia)coUn^^ [0.5 mL 
bed votamej previously equilibrated by passing 10 mL TC buffer through die cohmm. The column was dien 
20 washed widi 10 mL TC buffer, and die Fab eluted witfi 23 mL 100 mM acetic acid. pH 2.8. into a tube 
containing 0.5 mL TRIS. pH 8.0. The elnatt was concentrated in a Centricon-30™ ( Amicon) centrifoge to 0.5 
mL, 2 mL jAosphate-buffered saline was added to ccmcentrated ehumt. and die resulting mixture was re- 
concentrated to 0 J mL. SDS-PAGE gels were tm to ascertain diat protem had been produced, 
^nal ^nt' P.mfiMrion p ,«^.n««f Anti-mi i/mi8 Fab Vnrimw nml Ff a bli AntibodY 

25 Ffapmeiit 

SDS polyacrylamide gel elecooiriwresis (SDS-PAGE) and two different high performance liquid 
chromatography (HPLC) mediods were used to analyie die products obtained in each step of the purification 
process. The HPLC methods used inchide reveise- phase chromatography and cation<xchange chromatography, 
which were performed on a WATERS™ HPLC qrstem. 
30 Reverae-phasecteomatogt^ was caniedom on a reveise- |*asePLRP.S™ 4.6x50 mm column. 

8Hnmpaiticlesize(PolymerLaboratories.Shropshire.UKXinaii«ainrf The proteins were eluted using 

an increasing linear gradient fiom 3 1% B to 4 1% B. Buffer A eontatoed 0. 1% tiifluoroacetic acid in deionized 
water, and Buffer B contained 0.1% trifluoroacetic acid m HPLC-grade acetonhrile. The flow rate was 
mamtained at 2 mLAnin. and die protein profile was monitored at 214 nm. 

TM 

3 5 Analysb by cadon-cxchangc chromatography was carried out on a Bakerbond carboxy-sulfon (CSX) 

50 X 4.6 mm column (J. T. Baker Phillipsburg, NJX maintained at 55*C. The proteins were eluted using an 
increasing linear gradient from pH 6.0 to pH 8.0 at a flow rate of 2 mLtoin using a dctectiOT wavelength of 280 
nm. Buffer A contained 16 mM each f HEPES/PIPESMES.pH6.0, andBufiFcrBc ntaincd 16 mM each of 
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HEPES/PEPES/MES.pHS.O.FcM'theseparadoD fthe dififerent Fab variants, a linear gnul^ 
aiinfiDm25%BtD56V«a F(vtbe9qMiadoQoftheZipper-F(ab728ndF(ab')2amibodyfiagmra^ 
gradient was run tern 40% B to ] 00% B in 22 nunmcs. 

SDS-PAGEanalysb was canried out on precast Novex™gek(No^ Theproteins 
5 were stained using the Morrissey silver stain method. Momssev. Anal. Btochcm 1 17 : 307-310 (1981V 
Purification of Anti-CDl 1/CDl 8 Fab ATitibodv Fragment and Fab V«i«rt» 

Ihe anti<3)n/G)18 Fab antibocfy fiagment and thediffotntFsrt) varu 
extraction and purification scheme. 
Extfjiction 

10 Frozen ce]l pellets (100 g ) wm re-suspended at room tempaamre m 120 mM MES buffer. pH 6.0, 

containing 5 mM EDTA (5 ml of buffer per g of cell pellet) and completely disrupted b^ 
a microfluidizer (Microfhiidics Coiponttion* Newton, MA). Hie homogenate was adjusted to 025% (v/v) 
polyediyleneimine (PEl) and the solid debris was removed by cemrifugation (72W) x g, 30 min, 4"C). 
ABXchTPinatftiynit^hv 

15 The supetnacant containing the antibody fragment was dihned to a conductivi^ of 2.5 millisiemens with 

purified water, filtered duougji a 022 micron filter (Supacap-50™, Gehnan Sciences, Ann Arbor, Michigan), 
and then loaded <Rito a U X 9 J an Balcerfoond ABX cohmm (J. T. Baker, PhiU^^ 
mMM£S/5mMdisodmm£DTA,pH6.0(BufifierA). The effhiem was UV monitored at 280 nm. After loading, 
the cohimn was washed with Buffo A until the UV trace returned to baseli^^ Antibody fragments were eluted 

20 with a 20<ohmm- volume gradient fiomO to 100 mMammonhmi sulfate in ^ Fractions were analyzed 
on a cation-exchange cohmm as described in the Analytical Mediods section above and pooled accordingly. 
SP Senharose Hiyh Performance rSPHP> Chromatoyfaphv 

The ABX pool was dihited with water far tnjecti<Hi (WFI) to a conductivity of less than 4 mS and loaded 
onto a SPHP 1.6 x 92 cm column (Pharmacia Biotech Inc Piscataway, NJ). equilibrated with 25 mM MOPS 

25 buffer, pH 6.9. Separation was achieved by a 20Kx>lumn-volume linear gradient from 0 to 200 mM sodium 
acetate in 25 mM MOPS buffer, pH 6.9. Fractions were analyzed by CSX HPLC and SDS-PAGE as described 
in the Analytical Methods section above and pooled accordingly, 
ffimiulatifin 

The SPHP pools containing the antibody fragments were concentrated to 5 mg/mL using Amicon stir 
30 cells and YMIO membrane fibers (Amicon, Inc. Beverly, MA). The purified and concentrated antibody samples 
were buffer-exchanged into phosf^iate buffer saline (PBS) by gel penneation diromatogr^xhy on a Sephadex^ 
G25 (Pharmacia Biotech Inc. Piscataway, NJ) cohmm. 

Endotoxin dcterroinatioris were perfiamtied with the Umtdus amnghncytg lycatg tg<t ( Acc^iatry <yf Capr 
35 Cod Inc., Woods Hole. MA). Samples cootaining less than 2 endotoxin units (Eu) per mg of protein were used 
in the pharmacokinetic smdies. 
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Pmifiefltion of Aft Anti-CDI 1/f!P1g Ffah'V Antibodv Fragment 

Ibe F{ab% fingmem was intdaUy puriM 
[zipper*F(abr)2]. This coosiruct was cngixteer^ ^^^^ 
H52 heavy chaiiL After purification, ihe teudiK 
5 F(ab*)2 was purified by SPHP and Phenyl Toyopeari™ cfanmiatography as described below. 
Frtraerion and ABX Chnwnfltfvwanhv of Zmner-Frab'^ Antibody Fragment 

Extraction and ABX cfaronutogrqihy of the zipperwF(ab72 antibody fragment was carried out as 
desoibed above for the Fab antibody fragment variants, 
ptepsin Digesrion of Zim^cr-Ffab^ Antibody Fraemem 
10 The ABX*purified Zspper^(9b% was treated with pepsm to remove the leucine zipper portion of die 

molecule to yield the FCab*) antibody fragment The ABX purified sample was coacentrated on Amicon sdr celb 
to 5 mg^ and then diluted 1 :3.5 with 100 mM sodhmi citrate buffer, pH 3.5. To this solution, pepsin (I 
mg^) dissolved in 100 niM sodhmi citrate buffer, pH 3.5, was adM 
4 hours at room temperature, the mixmre'spH was raised to pH 6.4 with 10%NaOH. 
15 SPHP Chromatography of Pepsin-Treated Zjppcr-Ffab'V Antibodv Fragment 

Purification of the FCab*), antibody fragment from the leucine zipper domain and undesired antibody 
fragments was accomplished by SPHP chrDmatogm^y as described above for the Fab antibody fragment 
variants. 

Phenyl Tovonearl™ Chromatography of SPHP>mirified Ffab*^ Antibodv Fragment 
20 The SPHP-purifted F(ab*>2 pool was made 1.5 M in ammonium sulfote by adding solid ammonium 

sulfate. The conditioned pool was then loaded onto a Phenyl Toyopeari™650M(Tosohaas. Montgomery^ 
PA) 1^6 X 1 0 cm cohmm equih*farated with 1 J M amraomum sulfiate, 50 mM sodium acetate. pH 5.4 (Buffer A). 
A 20-cohmui-volume gradient was tunned from 70% Buffer A to 100% 0.15 M anmionhnn sulfate in 50 mM 
sodium acetate, pH 5.4 (Buffer B). The fractions were analyzed by reverse phase and CSX HPLC and SDS- 
25 PAGE as described in the Analytical Methods section above. 

Fonnulatfan of FfabT? Antibody Fragment and Endotorin Mcaamrmcntt 

Formulation of Ac purified F(ab')2 antibody fragment was performed as described above for the Fab 
antibody fragment variants. After endotoxin determinaticms, samples containing less than 2 Eu per mg of protein 
were used in the pharmacokinetic studies set forth below. 

30 Pharmacokinetic Snidy of Anti-CDl 1/1 8 Constnicts in Mice after Intravenous Admintstratjon 

The objective of this ^gle^tose i^iarmacokinedc study of fWe humanized huH52 anti-CD18 antibody 
fragments (constructs) in mice was to determine if non-spedfk clearance of antibody fragments is affected by 
alterations to amino adds in the constant domain. Senmi samples were collected fitim male CDl mice over a 
24-hour period and human anti-CD18 serum co u ce nuai ions were measured by EUSA. 

35 The anti*CDl8 antibody fragments investigated were derived from £-co/f-produced recombinant 

humanized monoclonal Fab antibody fragnoents as described above. Ibe Fab fragment and the construct in 
which tw Fab* subunits were joined together by two disulfide bonds were investigated. Lastly, three new 
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verskms of the original Fab were constructed by altering amino acids in the constant domain. See the Study 
Design table below for further description of the constracts. 

The construct antigen-binding sites are directed against the CD18 subunit of the QDtl/CD18 
glycoprotein '^p'^* on the snrfiBce of leukocytes. These antibody fragmems are chimpanzee and human- 
5 specific; therefore, the sennn phaimaookinetic information obtained in mice provides a description of the non- 
specific clearance of the fragments. 

BfrmiTT liTV^p^y^^n« ff^'«g^ wm erpected in this stody, a npgle.dQse level of 2 mg/kg was chosen rather 
than muhiple-dose levels. 



Study Design* 



Group 
Number 


Construct ID 


Omstruct Descripti<m 


1 


Fab 


Fab fragment alone 


2 


Double disulfide 


Two Fab* subunits joined with a double disulfide bond 


3 


Fabvt 


new version 1 of the original Fab constructed by altering amino 
acids m the constant domain 


4 


FabvlB 


new version IB of the original Fab constructed by altering 
am ino ac ids in the constant domain 


5 


Fabv2 


new version 2 of the original Fab constructed by altering amino 
acids in the constant domain 



' Each group consisted of 20 male mice; each mouse received a 2 mg/kg dose. 



The pharmacokinetics of die five antibody constructs were studied in male Crl:CD-19 (ICR}BR 
VAF/Plus® mice (^yproximately 20-30 g). Five groups, each consisting of twenty mice, received an intravenous 

20 bolus dose of 2 mg/kg via the tail vein. Blood samples were collected at 5 and 30 minutes. 1, 2, 4, S, 12, 16, 20, 
and 24 hours post-dose. Serum was harvested and concentrations of the antibody fragments were determined 
in a MAC- 1 capture ELISA as follows: 

96-WeI] microtiter plates were coated overnight widi murine anti-CDl 8 monockxial antibody. After 
ovcriiight incubation at 4X, plates wm washed three times widi EUSA wash buffer a^^ 

25 EUSA dikxem. EUSA wash buffer b phosphate-buffered salme (PBS)/0.05% Poiysorbate^ 20. This buffer 
is piepared per liter as 50 mL 20 X PBS/1.0»^ PolysoKbate^ 20(a mixuire obtained by dissolving 160 g NaCl, 
4.0 g KCl 22.6 g NajHPO^ and 4.0 g ICH2PO4 in glass-distilled or deionized water, adding 10.0 mL 
Polysorbate™ 20 [Sigma™ P-1379 or equivalent], qs to 1000 mL, and sterile fihering using a 0.22 \m or 
smaller filter), and qs to 1.0 L of distilled or deionized water, stored at ambient temperature. The expiration 

30 period is 2 weeks frcHU the date of preparation. 

The ELISA dihient was PBS/0 J% BSA/0.05% Polysorbate™ 20/0.01% TTiimerosal™/! mM CaCVl 
mM NfgCl}. This diluent was prepared per liter as 5.0 g bovine serum albumin (Amour™ N0068 or equivalent), 
50 mL 20 X PBS/1.0% Polysorbate™ 20/0.2% Thimerosal™ (a rabrture obtained by dissolving 160 g NaCl, 
4.0 g KCL 22.6 g Ka2HP04, and 4.0 g KH2PO4 in glass-distilled or deionized water, and adding 10.0 mL 

3 5 PolysOTbate™ 20 [Sigma P- 1 379 or equivalent] and 2.0 g Thimerosal™ [Sigma T-5 125 or equivalent], qs to 
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1000 mLX 0.1% (v/v) 1 M CtCl, (Genentcch™ A3 165X 0.1% (v/v) 1 M M^l, (Gcncntech™ A3 167), qs to 
LOLofdisdUed or (feionixed water, and stored at 2-4° C»wi^ month fron the date of 

prepantion. 

Aft>T h' "<^g , p^ftte* were washed again three times with ELISA wash buffer. Soluble MACl 
5 (rTfct iK/mia mm H>crnhi>H hy Rgfmflfi gfal . J Cell. Biochcm.. 52: 183*195 [1993]) was then cultured out of 
a concentrate of media, conditioned by CHO cells expressing the truncated CDl Ib/CDIS heterodimer. After 
a 24kourinaibatkn period, plates were washed six times with ^ mouse 
sennn sample being tested or the standard containing die homotogous recombinant human anti-CD18 Fab were 
added The mouse serum samples were first diluted 1/10 in ELISA dihient and tiien a further 1/4 into sample 

10 dihient; 100 )iL was taken fiom this tnitia] 1/40 dihition. Sample diluent is 10% Swiss Webster Mouse serum 
in EUSA diluent Following a seomd 2-hour incubatioii, the plates were again washed six times widi 

EUSA wash buffer and 100 of hofseradish-peraxidase-conjugated FCab*)} directed against a human Fab was 
added After a 1 -hour incubation mambiemtemperantre, the phttes were washed with ELISA wash to 
described above and 100 pL of phosphate-buffered saline, pH 7X containing 2.2 mmol/L orthophenylene 

1 5 diamme (OPD) and 0.012% (v/v) hydrogen peroxide (HjOj was added to each well. When color had fully 
developed, the reaction was stopped with 100 pL per well of 4.5 mol/L sulfuric acid The absoibance of the well 
contents was measured at 492 run minus 405 nm background absorbance using an autcnnatic plate reader from 
SLTLabinstnnnents. Data were reduced by using a four-parameter, curve-fitting program based <m an algorito 
for least*squares e^imation of non-linear parameters. 

2 0 Scnun concentration versus time data were analyzed utilizing a non-linear curve-fitting program and 

subsequent phaimacokinetks parameters were estimated lyArgcnio and Scfaumitricy, ADAPT II UWa QuldC. 
Biomedical Simulations Resource, University of Southern Califomia, Los Angeles, Release 2, 1990. 

A two-companmem model was used to characterize die senmi concentration versus time data for the 
five groups. See Table 2 for primary model parameters and calculated pharmacokinetic parameters. The two- 

25 compartment model fit is superimposed on the data and shown in Figures I A and IB. A data listing is provided 
m Table 3. The vohmie of the centtal compartment approximated the plasma volume for all groups. 
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Tibfe2 

Primary and Sc condgy Phannaooldnetic Mcxlel Pmmetcr FTtfin^ Octennmcd After Adxninistradon of 2 
mglcg Constntcts to Mice 



\jiiMip umoca 


t 
1 




3 


4 


5 




Fab 


Double S-S 


Fabvl 


FabvlB 


Fabv2 


Dose(nig/kg) 


2.0 


10 


2.0 


2.0 


2.0 


V,AV(iiiIAg)* 


44.7 


53.9 


51,7 


42J 


49.1 


K,(hr-')» 


4J2 


0.486 


3J5 


1J9 


3.86 




0.431 


0.581 


12\ 


4.01 


1.77 




1.40 


1.09 


IJ2 


3.42 


1J3 


(mL/hi/kg)' 


IS9 


26 


173 


80 


190 


tu2a(hr/ 


0.14 


0J7 


0.14 


0 08 


All 

V.I 1 


tiaPOir) 


0J7 


2.5 


0.84 


0.92 


0.83 




5.0 


5.0 


5.0 


5.0 


5.0 




34 


35 


28 


34 


26 




39 


46 


39 


44 


39 


AUC/doseAV 

oLy 


9J 


96 


12 


23 


10 


T(hr)* 


0.24 




OJO 


0J3 


0.26 



* Volume of tfie central compart ment as calculated from the equation V = dose/ZA^. 

is the rate constant associated with the elimination of material from the central compartment. 
•K^ is Aerate constant associated with the transfer ofmaterial from Accent compartment, 
is rate constam associated with Ae transfer of material frcmi Ae pcrip^^ 

* Weight-normalized serum clearance. 

iifja and tj/jP are the initial and terminal half-lives associated with each exponential phase. 
' Time of maximum <^)served concentration. 
' Maximum observed concentrations. 

Zero-time concentration estimated from the disposition funaion as £Aj. 
Dose-normalized area under the scrum concentration versus time curve. 
Permanence time. 
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10 



15 



20 



25 



PCr/US96MM316 
Tables 

Data Listing: ConoentFBtioD vs. time data fisr 2 mg^ human anti-CDlS consmicts.* 

Coocentiatioii Otg^) 



Time 
(houn) 


Group 1 


Group2 


Gnn^3 


GfOiip4 


Group5 


0.083 


28.12 


34.28 


26.1 


28.16 


25.16 


0.083 


33.89 


34.67 


28J8 


33.63 


26J9 


0.5 


4.84 


26.6 


4.o7 


lU.Oi 




0.5 


5.17 


20-74 


3.83 


lx.oi 




1 


0.91 


16.18 


2.1 


/•ID 


1 OS 

1.7 J 


1 


1.09 


18.24 


2.13 


A ao 




2 


0.16 


11.01 


A Ot 

0.82 


J. /I 


u* /o 


2 


031 


12 


A <n 


A 0 




4 


0.31 




U.I4 


n 01 


A IS 


4 


LTS*" 


0.7o 




w.D/ 


A 13 


8 


LTS 


1.95 


LTS 


LTS 


LTS 


8 


LTS 


1.66 


LTS 


LTS 


LTS 


12 


LTS 


0.71 


T "PC 
Lid 


Lid 


I 


12 


LTS 


0.88 


LTS 


LTS 


LTS 


16 


LTS 


0.17 


LTS 


LTS 


LTS 


16 


LTS 


0.16 


LTS 


LTS 


LTS 


20 


LTS 


0.1 


LTS 


LTS 


LTS 


20 


LTS 


0.08 


LTS 


LTS 


LTS 


24 


LTS 


0.08 


LTS 


LTS 


LTS 


24 


LTS 


LTS 


LTS 


LTS 


LTS 



* Concentration data represent one sample per mouse. 

LTS - Less than the sensitivity of tixe assay (0. 13 jig/mL for groups 1 and 3-5; 0.06 \ig/mL for group 2). 
RESULTS 

The data are shown in Figures lA and IB, where Fig. lA shows the friiairoacoktnetics of all five 
30 consnucts over a time period of 0 to 5 hours, and Fig. IB shows the pharmacokinetics of all five constructs over 
a time period of 0 to 25 hours. Ihe initial (or a-phase) half*lives varied as did the terminal (P-phase) half-lives. 
The Fab V IB variant had a clearance of 80 mL/hr/kg, whidi is about three-fold hig)icr than that of the double- 
disullide(Fab*)2. ThcFab vl,Fab,andFabv2hadapproximatety3-f Id greater clearance overthe Fab vlB and 
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about 6-f Id greater dearance over the donbleHlisiiliide (Fab^ (173, and 190 mUhr/kg, respectivebr). 

HieefiGectivein lecular wetglnofthe original Fab was 49 kD, and its deaiancew^ 

HieFabverskmsU IB, and 2 aU have molecttlarweiglits similar to th^ 
IB was cleared from the setum 2*fokl more slowly. Thus, alteradoiis of the amino acid sequence in the Fab 
ocmstant domain affect clearance. The effea seen on beta-phase half-life shows that with the two least-successful 

variants 1 and 2, there was a detectable efiixt that was not sufiBdem to increase signif^^ 
time. 
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SBQDEKCB LISTING 
(1) GENERAL INFQRMATIQN: 

(i) APPLICANT: Genentech, Inc. 
(ii) TITLE OF INV E N T I ON: Altered Polyp^tides with Increased Half -Life 
5 (iii) NOKBER OF SEOOENCES: 31 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CirV: South San Prancifico 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) C OMPU T ER READABLE FORM: . 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy diak 
15 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTMARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Lee, Wendy M. 
<B) REGISTRATION NUMBER: 00,000 
25 (C) REFERENCE/DOCKET NUMBER: P0932PCT 

(ix) TELECmMUNICATION INFORMATION: 

(A) TELEPHONE: 415/225-1994 

(B) TELEFAX: 415/952-9861 

(C) TELEX: 910/371-7168 

30 (2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acida 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

His Gin Asn Leu Ser Asp Gly Lys 
1 5 8 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
ID) TOPOLOGY: Linear 
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(xi) SBOOBKCE DBSCRIPTZOK: 6BQ ID 110:2: 

His Gin Asn lie Ser Asp 61y hyB 
1 5 8 



(2) IMFORNATION FOR SEQ ID NO:3: 



5 (i) SEQOENCB CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 



(xi) SEQUEKCE DESCRIPTION: SEQ ID M0:3: 

10 Pro Lys Asn Ser Ser Met lie Ser Asn Thr Pro 
1 5 10 11 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 98 amino acids 
15 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala Ser Tbr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 
15 10 15 

20 Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 

20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
35 40 45 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
25 50 55 60 

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 
65 70 75 

Leu Gly Thr Gin Thr Tyr He Cys Asn Val Asn His Lys Pro Ser 
80 85 90 

30 Asn Thr Lys Val Asp Lys Arg Val 

95 98 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 98 amino acids 
35 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser 
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15 10 15 

Arg Ser Thr Ser Glu Ser Thr Ala Ala Xieu Gly Cys Zieu Val Lys 
20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
5 35 40 45 

Zieu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
50 55 60 

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn 
65 70 75 

10 Phe Gly Thr Gin Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser 

SO 85 90 

Asn Thr Lys Val Asp Lya Thr Val 
95 98 

(2) INFORMATION FOR SBQ 10 N0:6: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 98 amino acids 

(B) T^E: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQX7ENCE DESCRIPTION: SEQ ID N0:6: 

20 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser 
1 5 * 10 15 

Arg Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 
20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
25 35 40 45 

Leu Thr Ser Gly Val Bis Thr Phe Pro Ala Val Leu Gin Ser Ser 
50 55 60 

Gly l«eu Tyr Ser Leu Ser Ser Val val Thr Val Pro Ser Ser Ser 
65 70 75 

30 I«eu Gly Thr Gin Thr Tyx Thr Cys Asn Val Asn His Lys Pro Ser 

80 85 90 

Asn Thr Lys Val Asp Lys Arg Val 
95 98 

(2) INFORMATION FOR SEQ ID N0:7: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 98 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 
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<xi) SBQDBNCB DBSCRIPTION: SEQ 10 HO: 7: 

Ala Ser Thr Lye Gly Pro Ser Val Phe Pro Ijeu Ala Pro Cys Ser 
15 10 15 

Arg Ser i:hr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 
5 20 25 30 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
35 40 45 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 
50 55 60 

10 Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 

65 70 75 

Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val Asp His Lys Pro Ser 
80 85 90 

Asn Thr Lys Val Asp Lys Arg Val 
15 95 98 

(2) INFORMATION FOR SEQ ID 110:8: 

(i) SEQDENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: Amino Acid 
20 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Arg Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp 
15 10 15 

Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn 
25 20 25 30 

Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asn 
35 40 45 

Ala Leu Gin Ser Gly Asn Ser Gin Glu Ser Val Thr Glu Gin Asp 
50 55 60 

30 Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser 

65 70 75 

Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr 
60 85 90 

His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly 
35 95 lOO 105 

Glu Cys 
107 

(2) INFORMATION FOR SEQ ID NO:9: 
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(i) SEQDENCE GHARACTBRISTICS ! 

(A) LENOTH: lOS amino adds 

(B) TYPE: Amino Acid 
(D) TOPOU)Gnr: Linear 

5 (Xi) SEQUEKCE DESCRIPTIQN: SEQ 2D N0:9: 

Gin Pro hys Ala Ala Pro Ser Val Thr Leu Phe Pro Pro Ser Ser 
1 5 10 15 

Glu Glu Leu Gin Ala Aan Lys Ala Thr Leu Val Cya Leu lie Ser 
20 25 30 

10 Asp Phe Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser 

35 40 45 

Ser Pro Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gin 
50 55 60 

Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro 
15 65 70 75 

Glu Gin Trp Lys Ser His Arg Ser Tyr Ser Cys Gin Val Thr His 
80 65 90 

Glu Gly Ser Thr Val Glu Lys Thr Val Ala Pro Thr Glu Cys Ser 
95 100 105 

20 (2) INFORMATION FOR SEQ ID MO: 10: 

(i) SEC3DENCE CHARACTERISTICS: 

(A) LENGTH: 100 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

25 (xi) SEQUEKCE DESCRIPTION: SEQ ID NO: 10: 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Pro 
15 10 15 

Lys Asn Ser Ser Met lie Ser Asn Thr Pro Ala Leu Gly Cys Leu 
20 25 30 

30 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser 

35 40 45 

Gly Ala Leu Thr Ser Gly Val Bis Thr Phe Pro Ala Val Leu Gin 
50 55 60 

Set Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro His 
35 65 70 75 

Gin Ser Leu Gly Thr Gin Thr Tyr He Cys Asn Val Asn His Lys 
80 85 90 

Pro Ser Asn Thr Lys Val Asp Lys Arg Val 
95 100 
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(2) INFORWITXQII FOR SEQ ID N0:11: 

(i) SEQUEHCE CHARACTERISTICS : 
(A) LENGTH: 7 amino acids 
{B) TYPE: Amino Acid 
5 (D) TOPOLOGY: Linear 

(Xi) SEQUEKCE DESCRIPTION: SEQ ID N0:11: 

Hi& Gin Ser Leu Gly Thr Gin 
1 5 7 

(2) INFORMATION FOR SEQ ID NO: 12: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNSSS: Single 

(D) TOPOLOGY: Linear 

15 (xi) SEQOENCE DESCRIPTION: SEQ ID N0:12: 



GTGACCGTGC CTCACCAGAG CTTGGGCAC 29 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 53 base pairs 
20 (B) T»E: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



TGGCACCCTC CCCTAAGAAC TCGAGCATGA TCAGCAACAC ACCGGCCCTG 50 
25 GGC 53 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 11 amino acids 

(B) TYPE: Amino Acid 
30 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Ser Ser Lys Ser Tbr Ser Gly Gly Thr Ala Ala 
1 5 10 11 

(2) INFORMATION FOR SEQ ID NO: 15: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: Amino Acid 
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(D) TOPOUKTV: Liziear 

(Xi) SBQOEKCB DESCRIPTION: 5EQ ID KG: 15: 

Ser Pr Lyo Asn Ser Ser Met lie Ser Asn Thr Pro Ala 
1 5 10 13 

5 (2) INFORMATION FOR SEQ ID N0:16: 

(i) SEQOSNCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRAHDEDNESS: Single 
10 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

TGGCACCCTC CAAATCGAOC ATCACAGCGG CCCT 34 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 9 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Ser Ser Lys Ser Thr Ser Gly Gly Thr 
20 1 5 9 

(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQX7ENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: Amino Acid 
25 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ser Lys Ser Ser lie Thr 
1 5 6 

(2) INFORMATION FOR SEQ ID NO:19: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: Nucleic ACld 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TGGTGACCGT GATCTCGA6C CACTTGGGCC AGCAGACCTA CATC 44 
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(2) INFQRMATZGN FOR SBQ ID N0:20: 

(i) SEQUENCB CBARACTERISTICS: 
(A) LEMOTB: 9 amino acids 
(B> TYPE: Amino Acid 
5 (D) TOPOLOGY: Linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID M0:20: 

Val Pro Sor S«r Scr Leu Gly Thr Qln 
1 S 9 

(2) INFORMATION FOR SBQ ID NO:21: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino aclds 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 21: 

15 Val He Ser Ser His Leu Gly Gin Gin 
1 5 9 

(2) INFORMATION FOR SBQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 45 amino acids 
20 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:22: 

Cye Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Arg Met Lys 
1 5 10 15 

25 Gin Leu Glu Asp Lys Val Glu Glu Leu Leu Ser Lys Asn Tyr His 

20 25 30 

Leu Glu Asn Glu Val Ala Arg Leu Lys Lys Leu Val Gly Glu Arg 
35 40 45 

(2) INFORMATION FOR SBQ ID N0:23: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 



TCGAGCATGA TCTCTAGAAC ACCCKSCCC 28 
(2) INFORMATION FOR SEQ ID N0:24: 
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(i) SEQOBHCB CHARACTERISTICS: 

(A) LENGTH : 36 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDMBSS: Single 
5 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 



GCCTCACCAO AACCTAGGCA CCAA6ACCTA CATCTG 36 

(2) INFORMATION FOR SEQ ID N0:25: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 40 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQXmrCE DESCRIPTIC»}: SEQ ID NO: 25: 



15 GCCTCACCAO AACTTAAGCG AC6GAAAGAC CTACATCTGC 40 
(2) INFORMATION FOR SEQ ID N0:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I«ENGTK: 7 amino acids 

(B) TYPE: Amino Acid 
20 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Gin Ser Leu Gly Thr Gin Thr 
1 5 7 

(2) INFORMATION FOR SEQ ID NO: 27: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

30 Gin Asn Leu Ser Asp Gly Lys Tfar 
1 5 8 

(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
35 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 
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GCCTCACCAG AATATTACA6 ATQ6CAAGAC CTACftTCTGC 40 

(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 amino acids 
5 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Gin Ser heu Gly Thr Gin Thr 
1 5 7 

10 (2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

15 (xi] SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Gin Asn lie Ser Asp Gly Lys Thr 
1 5 6 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 8 amino acids 

(B) TYPE: Amino Acid 
<D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 

Val He Ser Ser His Leu Gly Gin 
25 1 5 6 
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1. A polypqiddevaramofa polypeptide of imcM polypepddeofiQterest is cleared fixxm 
the kidney and does not omtain a Fc region of an IgG, whkb variant comprises a salvage recepuv binding 
epitope of an Fc rpgicm of an IgG, and ^K^iicfa variam has a longer m 
5 2. The variant of claim I ii^ierein the polypeptide of imerest contains an Igdomam 

domain that is not a CH2 domain. 

3. Ihe variant ofdaim 2 viierein the qntope is contained within the igdom^ 

4. The variant of claim 3 wherein the Ig domain or Ig-like domain onnprises a CHI domain. 

5. The variamofclaim 3 wherein Ae epitope is taken fiom one CH- two loops of the Fc region a^^ 
10 transferred to the Ig domain or Ig-like domain. 

6 . The variam of dahn 5 wherein the epitope is taken from the CH2 domain of the Fc reg i on and 
transferred to the CHI, CH3, or V|, region, or more than one such region, of an Ig or to a Ig-like domain. 

7 . The variant of claim 5 wherein the epitope is taken from the CH2 domain of the Fc regicm and 
transferred to the Q region or region, or both, of an Ig or to an Ig-like domain. 

15 8. The variant of dahn 3 wherein the polypeptide of interest is a Fab, a (Fab% a diabody, a Fv 

fragment, a smgle-chain Fv fragment, or a receptor. 

9. The variant of claim 8 wherein the polypeptide of interest is an LFA*1 antagoni^ 

10. The variant of claim 9 wherein the polypeptide of interest b a Fab or (Fab*)} of an anti-LFA-l 

antibody. 

20 II. The variant of clann 10 whcrem the polypeptide ofinterest is an anti-CD18 Fab or anti-CD18 

(Fab*)j. 

12. The variant of claim II that is htmian or humanized. 

13. The variant of claim 12 wherein the epitope comprises the sequence: PKNSSMISNTP (S£Q 
ID NO: 3). 

25 14. The variant of claim 13 further comprising die sequoue HQSLGTQ (SEQ ID NO: 1 1 ). 

15. The variant of claim 13 further comprising.the sequence HQNLSDGK (SEQ ID NO: I ). 

16. The variant of claim 13 further comprising the sequence HQNISDGK (SEQ ID NO: 2). 

1 7. The variant of claim 1 3 further conqsrising the sequence: VISSHLGQ (SEQ ID NO: 3 1 ). 

18. The variam of claim 1 wherein the epitope ccmiprises the sequences: HQNLSDGK (SEQ ID 
30 NO: 1). HQNISDGK (SEQ ID NO: 2), HQSLGTQ (SEQ ID NO: llXor VISSHLGQ (SEQ ID NO: 31) and 

PKNSSMISNTP (SEQ ID NO: 3). 

1 9. The variant of claim 1 8 wherein the epitope is fused to the polypeptide of interest. 

20. The variant of daim 1 9 wherein the polypeptide ofinterest is growdihoimcme or nerve growth 

ftctor. 

35 21. Nucleicacidencodingthe variam of claim 1. 

22. A replicable vector c<Hnprising the nucleic acid of claim 2 1 . 

23. A host cdl comprising the nucleic acid of claim 2 1 . 
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24. A method for producing a polypqytideva^^ fclaiin23 
in a culture medium and recovering the variant from &e host cell culture. 

25. The method f claim 24 wherein the variant is recovered frm the culture inedium. 

26. A variant fMlypepcide that is not an FccooD^mingti^ 

5 \X HQNISDGK (SEQ ID NO: 2% or VISSHLGQ (S£Q ID NO: 31) and PKNSSMISNTP (SEQ ID NO: 3). 

27. A method for preparing a polypeptide variant comprising altering a p^^ 

is cleared from the kidney and does not contain an Fc region of an IgG so tfuit it comprises a salvage receptor 
binding epitope of an Fc region of an IgG and has an increased in vivo half-life. 

28. The method ofclatm 27 wherem the ahering step is conducted by site-directed cassette, or 
10 PGR mutagenesis. 

29. A method for preparing a polypeptide variant having an increased in vivo half-life comprising: 

(1 ) identifying the sequence and conformation of a salvage receptor binding epitope on an Fc 
region of an IgG molecule; 

(2) altering the sequence ofa polypeptide of interest ttiat is cleared from the kidney and does not 
15 contain an Fc region to include the sequence and conformation of the identified binding 

epitope; 

(3) testing the altered polypeptide of step (2) for longer in vivo half-life than thzx of the 
polypeptide of interest; and 

(4) if the altered polypqytide does not have a kxnger in vivo half-life, further altering the sequence 
20 of the polypqytide of interest to include the sequence and conformation of the identified 

binding epitt^ and testing for l<mger or vivo half-life until longer in vivo half-life b obtained. 

30. A notethod for treating an LFA-l-mediateddisoider comprising administering to a manm in 
need of such treatment an effective amount of the variant of claim 9. 

31. A nwthod for treating an LFA- 1 -mediated disorder comprising administering to a patient in 
2 5 need of such treatment an effective amount of the variam of claim 12. 
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